{12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
Internationa] Bureau 




(43) International Publication Date 
12 September 2003 (12.09.2003) 



PCT 



(10) International Publication Number 

wo 03/074473 A2 



(51) International Patent Classification^: C07C 233/05, 
255/50, 331/38. A61K 31/16, 31/26, 31/275 

(21) International Application Number: PCT/US03/O3121 

(22) International Filing Date: 24 February 2003 (24.02.2003) 



(25) FiJrng Language: 

(26) Publication Language: 



(3D) Priority Data: 

10/084,679 
60/420,248 



28 February 2002 (28.02.2002) US 
23 October 2002 (23. 1 0.2002 ) US 



(71) Applicant (for ail designated States except US)i THE 
UNIVERSITY OF TENNESSEE RESEARCH COR- 
PORATION [US/US]; Suite 403, 1534 White Avenue, 
Knoxville, TN 37996-1527 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US oniy): DALTON, James 
[US/US]; 2706 Wellesley Drive, Upper Arlington, OH 
43221 (US). MILLER, Duane, D, [USAJS]; 8706 Maple 
Creek Cove, Germantown, TN 38139 (US). CHUNG, 
KIwon [KH/US]; 530 Warwick Willow lane, Collierville, 
TN 38017 (US). HE, Yali [US/US]; lOi Technology 
Place, Florence, SC 25901 (US). STEINER, Mitchell, S. 
[US/US]; 8894 Silverbark Drive, Germantown, TN 3SI38 



(US), VEVERKA, Karen, A. [US/US]; 669 Fealhenvind 
Cove, S„ Cordova, TN 38018 (US). 

(74) Agent: COHEN* Mark* S.; Eitan, Pearl, Latzer& Cohen 
Zedek, L.L,R, Suite 1001 , 1 0 Rockefeller Plaza, New York, 
NY 10020 (US). 



(81) Designated States (naiional)\ AE, AG, AU AM, AT, AU, 
English AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 

CZ» DE, DK, DM, D2. BC, EE, ES, Fl, GB, GD, GE, GH, 
English HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 

LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO. RU, SC, SD, SE, 
SO, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 



(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, S2, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, K2, MD, RU, TJ,TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, SI, 
SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
GQ, GW, ML, MR. NE. SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations'^ appearing at the tyegin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: IRREVERSIBLE SELECTIVE ANDROGEN RECEPTOR MODULATORS AND METHODS OF USE THEREOF 



< 



o 



(57) Abstract: In one embodiment, this invention provides a class of androgen receptor targeting agents (ARTA). The agents define 
a new subclass of compounds, which are selective androgen receptor modulators (SARM). The SARM compounds have unexpected 
antiandnogenic activity of a nonsteroidal ligand for the androgen receptor- In one embodiment, the SARM compounds bind irre- 
versibly to the androgen receptor. In another embodiment, the SARM compounds are androgen receptor antagonists which bind 
irreversibly to the androgen receptor In another embodiment, the SARM compounds are alkylating agents. The SARM compounds, 
either alone or as a composition, are useful for a) male contraception; b) treatment of a variety of hormone -related conditions, for 
example conditions associated with Androgen Decline in Aging Male (ADAM), such as fatigue* depression, decreased libido, sexual 
dysfunction, erectile dysfunction, hypogonadism, osteoporosis, hair loss, anemia, obesity, sarcopenia, osteopenia, osteoporosis, be- 
nign prostate hyperplasia, alterations in mood and cognition and prostate cancer; c) treatment of conditions associated with Androgen 
Decline in Female (ADIF), such as sexual dysfunction, decreased sexual libido, hypogonadism, sarcopenia, osteopenia, osteoporosis, 
alterations in cognition and mood, depression, anemia, hair loss, obesity, endometriosis, breast cancer, uterine cancer and ovarian 
cancer; d) treatment and/or prevention of acute and/or chronic muscular wasting conditions; e) preventing and/or treating dry eye 
conditions; t) oral androgen replacement therapy; g) decreasing the incidence of, halting or causing a regression of prostate cancer; 
and/or h) inducing apoptosis in a cancer celL 
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IRREVERSIBLE SEI.ECTTVE ANDROGEN KECEPTQR MOPTJLATORS 
AND METHODS OF USE T TrFftymr 

5 GOVERNMliyr^ INTEREST STATEMENT 

(0001] This inventioii vras made in 'wfaole or in pait with government suj^rt xinder 
grant number R29 CA^68096 awarded by the National Cancer Institate, National 
Institute of Heahii, and under grant number RIS HD35329^ awarded by the National 
Institute of Child Health and Human Development, National Institute of Health, Ths 
1 0 govenunoit may have certain rights inrthe mventiorL 

FIELJ> OF INVENTION 
[0002] The present invention relates to androgen receptor targeting agents (ARTA) 
which demonstrate andandiogenic activity of a nonsteroidal ligpnd for the androgen 

IS receptor, and/or which bind irreversibly to the androgen receptor. The agents defme a 
new subclass of con^uncb^ which are selective androgen tQc&ptor modulators 
(SARMs) useful for a) male contraception; b) treatment of a variety of hormone-related 
conditions, for example conditions associated with Androgen Decline in Aging Male 
(ADAM); c) treatmmt of conditions associated with Ancfrogen Decline in Female 

20 (ADnO; d) treatment and/or prevention of acute ^and/or chronic muscular wasting 
conditions; e) preventing and/or treating dry eye conditions; f) oral androgen 
replacanent tiierapy; g) decreasing the incidence of, halting or causing a regression of 
prostate cancer; and/or h) inducing apoptosis in a cancex cell. 

25 BACKGROUND OF THF. TNVF.NTION 

[00031 The androgen receptor ("AR") is a ligand-activated transcriptional regulatory 
protein that mediates induction of male sexual development and function &rougb its 
activity with endogenous androgens. Androgens are generally known as the male sex 
hormones. The androgenic hormones are steroids which are produced in the body by the 

30 testes and the cortex of the adrenal gland or can be synthesized in the laboratory. 
Androgenic steroids play an important role in many physiologic processes, including the 
development and maintenance of male sexual characteristics such as muscle and bone 
mass, prostate growth, spermatogenesis, and the male hair pattern (Matsumoto, 

I 
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EndocrmoL Met. Clin. N. Am. 23:857-75 (1994)). The endogenous steroidal androgens 
iaclude testosterone and dihydrotestosterone ("DHT"). Testosterone is the principal 
steroid secreted by the testes and is the primary circulating androgen found in the plasma 
of males. Testosterone is converted to DHT by the enzyme 5 alpha-reductase in many 
5 peripheral tissues. DHT is thus thought to serve as the intracellidar mediator for most 
androgen actions (ZhoUy et al., Molec* Endocrinol, 9:208-18 (1995)). Other steroidal 
androgens include esters of testosterone, such as the cypionate, propionate^ 
phenylpropionate^ cyclopentylpropionate, isocaxporate, enanthate, and decanoate esters^ 
and other synflietic androgens such as 7-Methyl-Nortestosterone ("MENT*) and its 
10 acetate ester (Sundaram et al.^ *'7 Alpha-Methyl-Nortestosterone(MENT): The Optimal 
Androgen For Male Contraception*" Ann. MeA, 25:199-205 (1993) ("Sundaram")). 
Because the AR is involved in male sexual development and function, the AR is a likely 
target for effecting male contraception or other forms of hormone replacement therapy. 

15 {0004] Worldwide population growth and social awareness of family planning have 
stimulated a gireat deal of research in contraception. Contraception is a dif&cult subject 
under any circumstance. It is fraught with cultural and social stigma, religious 
implications, and^ most certainly^ significant health concerns. This si^tion is only 
Gcacerbated when the subject focuses on male contraceptiotL Despite the availability of 

20 suitable contraceptive devices, historically, society has looked to women to be 
responsible for contraceptive decisions and tfadr consequences. Although concern over 
sescually transmitted diseases has made men more aware of the need to develop safe and 
responsible sexual habits, women still often bear the brunt of contraceptive choice. 
Wom^ have a number of choices, from ten^rary mechanical devices such as sponges 

25 and diaphragms to temporary ch^nical devices suoh as spermicides* Women also have 
at their disposal more permanent options, such as physical devices including lUDs and 
cervical caps as well as more permancDt chemical ti^atments such as birtii control pills 
and subcutaneous implants. However, to date, the only options available for men include 
the use of condoms and vasectomy. Condom use, however is not favored by many men 

30 because of the' reduced sexual sensitivity, the interruption in seicual spontaneity, and the 
significant possibility of |»*egnancy caused by breakage or misuse. Vasectomies are also 
not &vored. If more convenient methods of birth control were available to men, 

2 
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particularly long-tenn methods which require no preparative activity immediately prior 
to a sexual act, such methods could significantly increase tiie likelihood that men would 
take more responsibility for coutraceptioii. 

5 [0005] Administration of the male sex steroids (e.g., testosterone and its derivatives^ has 
shown particular promise in this regard due io Ibe combined gonadotropin-suppiessiiig 
and androgen-substittiting properties of these compounds (Steinberger et al*, "Efiect of 
Chronic Administration of Testosterone Enaothate on Si)erm Production and Plasma 
Testosterone, Follicle Stimulating Hormone, and Luteinizing Homume Levels: A 

1 0 Preliminary Evaluation of a Possible Male Contraceptive, Fertility and Sterility 28: 1 320- 
28 (1977)), Chronic administration of high doses of testosterone completely abolishes 
sperm production (azoospermia) or reduces it to a very low level (oligospermia). The 
degree of ^eimatog^nic siqqnression necessary to produce infertility is not precisely 
known. However, a recent report by the World Health Organization showed that we^y 

15 intramuscular injections of testosterone enanthate result in azoospermia or severe 
oligospermia (ie., less than 3 nuQion sperm per ml) and inutility in 9S% of men 
receiving therapy (World Heahfa Organi2ation Task Force on Methods And Regulation 
of Male Fertility, "Contraceptive Efficacy of Testost^TO-Induced Azoospermia and 
Oligospermia in Normal Men^** Fertility and Sterility 65:821-29 (1996)). 

20 

[0006] A variety of testosterone esters have beeai developed which are more siovdy 
absorbed after intramuscular injection and thus result in greater androgenic effect 
Testosterone enanlhate is the most widely used of these esters. While testosterone 
enanthate has been valuable in tmns of establi^iing fb& feasibilily of hormonal agents 
25 for male contraception, it has sev^al drawbacks^ including the need for weekly 
injections and the presence of s\q)raphysiologic peak levels of testosterone immediately 
following intramuscular injection (Wu, "Effects of Testosterone Enanthate in Normal 
Mm: Experience From a Multicenter Contraceptive Ef&cacy Study," Fertility and 
SterUity 65:626-36 (1996)). 

30 

[0007] Steroidal ligands which bind the AR and act as androgens (e.g. testosterone 
enanthate) or as antiandrogens (e.g. cyproterone acetate) have been known for many 

3 
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years and are used clinically (Wu 1988)> Although nonsteroidal antiandrogens are ia 
clinical iise for hormone-dependent prostate cancer, nonsteroidal androgens have not 
been reported. For tMs reason, research on male contraceptives has focused solely on 
steroidal compoimds. 

5 

(0008] Prostate cancer is one of the most frequently occuixiiig cancers among men in 
the United States, vdih hundreds of thousands of new cases diagnosed each year. 
Unfortunately, over sixty percent of newly diagnosed cases of prostate cancer are found 
to be pathologically advanced, vnOi no cure and a dismal prognosis. One approach to 

10 this problem is to find prostate cancer eadi^ Ihrough smening idx>grams and thereby 
reduce the number of advanced prostate cancer patients. Anoth^ strategy, iu>wever, is to 
develop drugs to prevent prostate canco-* Qne1hir4 of all men over SO years of age have 
a latent form of prostate cancer that may be activated into the hfe-threatening clinical 
prostate cancer form. The frequency of latent prostatic tumors has been shown to 

15 increase substantially with eadi decade of li& from the 50s (5.3-14%) to the 90s (40* 
80%). The number of people with latent prostate canc^ is the same across aH cultuies, 
ethnic groins, and races, yet titie frequency of clinically aggressive cancer is markedly 
different This suggests that environmental factors may play a role in activating latent 
prostate cancer. Thus, the development of treatment and preventative strati^es against 

20 prostate cancer may have the greatest overall impact both medically and economically 
against prostate cancer. 

[OdOS] Osteopcnosis is a systemic skeletal disease, characterized by low bone mass and 
deterioration of bone tissue, with a consequent increase in bone fragility and 

25 susceptibility to fracture. In the U*S,, the condition affects more than 25 million people 
and causes more than 13 million fractures each year, including 500,000 spine, 250,000 
hip and 240,000 wiist fractures annually. Hip fractures are the most serious consequence 
of osteoporosis^ with 5-20% of patients dying within one year, and over 50% of 
survivors being incapacitated. The elderty are at greatest ri^ of osteoporosis, and ^ 

30 problem is therefore predicted to increase significantly with the aging of the population. 
Worldwide fracture incidence is forecasted to increase three-fold ova the next 60 years, 
and one study estimated that there will be 4.5 million hip fractures worldwide in 2050. 

4 
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[00010] Women ai^ at greater risk of osteoporosis than mea. Women experience a sharp 
acceleration of bone loss during tiie £ve years following menopause. Other &cto^ &at 
increase the risk include smoking, alcohol abuse, a sedentary lifestyle aod low calcium 
5 intake. However, osteoporosis also occurs frequently in males. It is well established that 
tbe bone mineral density of males decrease wilb age< Decreased amounts of boiiue 
mineral content and density correlates with decreased bone strength, and predisposes to 
fracture. The molecular mechanisms underlying the pleiotropic efiG^ts of sex-botmones 
in non-reproductive tissues are only beginning to be undetstood, but it is clear that 

10 physiologic concentrations of androgens and estrogens play an iii:q)ortant role in 
maintaining bone homieostasis througjiotit the life*cycle. Consequently, when androgen 
or esttogCT deprivation occurs there is aresultant increase in the rate of bone rmiodeling 
that tilts the balance of resorption and formation to the &vor of resorption that 
contributes to ibe overall k^ss of bone mass* In males, Hie natural decline in sex- 

15 homtones at maturity (direct decline in androgens as well as lower levels of estrogens 
doived from peripheral aromadzation of androgens) is associated witti the frailty of 
bones. This effect is also observed in males who have been castrated. 

[0001 1 1 Androgen decline in the aging male (ADAM) refers to a progressive decrease in 
20 androgen production^ common in males after middle age. The syndrome is characterized 
by alterations in the physical and intellectual domains that correlate with and can be 
corrected by manipulation of the androgen milieu. ADAM is characterized 
biochcmiically by a decrease not only in serum andxpgen, but also in other hormones, 
such as growth hormone, melatonin and dehydroepiandrosterone. Clinical manifestations 
25 include fatigue, depression, decreased libido, sexual dysfunction, erectOe dysfrmction, 
hypogonadism:, osteoporosis, hair loss, obesity, sarcopenia, osteopenia, benign prostate 
hyperplasia, anemia, alterations in mood and cognition and prostate cancer. 

[000 12] Androgen Deficiency in Female (ADIF) refers to a variety of honnone-related 
30 conditions iacluding, common in females after middle agest The syndrome is 
characterized by sexual dysfunction, decreased sexual libido, hypogonadism, sarcopenia. 
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osteopenia, osteoporosis, alt^ations In cognition and mood, anemia, depression, anemia, 
hair loss, obesity, endometriosis, breast cancer, uterine cancer and ovarian cancer. 

[0001 3] Muscle wasting refers to the progressive loss of muscle mass and/or to the 
5 progressive weakening and degeneration of mnscles» including the skeletal or voluntary 
muscles, winch control movement, cardiac muscles, which control the heart 
(cardiomyopathies), and smooth muscles. Chronic muscle wasting is a chronic 
condition (i.e. persistmg over a long period of time) characterized by progressive loss of 
muscle mass, weakening and degeneration of muscle. The loss of muscle mass that 

10 occurs during muscle wasting can be characterized by a muscle protein breakdown or 
degradation. Protein degradation occurs because of an unusually high rate of protein 
degradation, an unusually low rate of protein syntheds^ or a combination of both. 
Protein degradatLon, ^diether caused by a hig^ degree of protein degradation or a low 
degree of protein synthesis, leads to a decrease in muscle mass and to muscle wasting. 

IS Muscle wasting is associated with cJuonic, neurological, genedc or infectious 
pathologies, diseases, illnesses or conditions* These include Muscular Dystrophies such 
as Duchenne Muscular Dystrophy and Myotonic Dystrophy; Miiiscle Atrophies such as 
Post'-Poho Muscle Atrophy (PPMA); Cachexias such as Cardiac Cwhexia, AIDS 
Cachexia and Cancer Cachexia, malnutrition. Leprosy, Diabetes, Renal Disease, Chronic 

20 Obstructive Puhnonary Disease (COPD), Cancor, end stage Renal failure. Emphysema, 
Osteomalacia, HIV Infection, ADDS, and Cardiomyopafhy, In Edition, other 
circumstances and conditions are linked to and can cause muscle wasting. These include 
chronic lower back pain» advanced age, central nervous system (CNS) ii^ury, peripheral 
nerve injury, spinal cord mjury, chemical injury, central nervous system (CNS) damage, 

25 p^pheral nerve damage, spinal cord damage, chemical damage, bums, disuse 
deconditioning that occurs when a limb is immobilized, long term hospitalization due to 
illness or injury, and alcoholism. Muscle wasting, if left unabated, can have dire health 
consequences. For example, the changes that occur during muscle wasting can lead to a 
weakened physical state that is detrimental to an individual's health, resulting in 

30 increased susceptibility to infection, poor performance status and susceptibility to iiy ury . 
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[000 14] New imovative approaches are urgently needed at both the basic science and 
clinical levels to develop compounds which are useful for a) male contraception; b) 
treatment of a variety of hormone-related conditions^ for example conditions associated 
with Androgen Decline in Aging Male (ADAM), such as &tig;ue, depression, decreased 
5 libido, sexual dysfunction, erectile dysfimction, hypogonadism, osteoporosis, hair Ioss» 
anemia, obedly, sarcopenia, osteopenia, osteoporosis> benign prostate hyperplasia, 
alterations in mood and cognition and prostate cancer; c) treatment of conditions 
associated witii ADIF, such as sexual dysfunction, decreased s^cual libido, 
hypogonadism, sarcopenia, osteopenia, osteoporosis, alterations in cognition and niood, 
10 depression, anemia, hair loss, obesi^, endometiiosis, breast cancer, utraine cancer and 
ovarian cancer; d) treatment and/or fffeveation of acute and/or clonic muscular wasting 
conditions; e) inventing and/or treatiag dry eye conditions; i) oral androgen 
replacement therapy; g) decreasii^ the incidence of, halting or causing a regression of 
Xffostate cancer; and/or h) inducing apoptosis in a cancer celL 

15 

SUMMARY OF THE INVElSTtON 
[0001 5] In one embodiment, this invention i^ovides androgra receptor targeting agents 
(ARTA), The ag^ts define a new subclass of compounds, which are selective androgen 
receptor modulators (SASM). The SARM compounds have une^^ected antiandrogenic 

20 activity of a nonsteroidal ligaud for tiie androgen receptor. In one embodiment, the 
SARM compounds bind irreversibly to tiie androgen receptor. In anodier embodiment, 
the SAKM compounds are androgen receptor antagonists ^vriuch. bind irreversibly to the 
androgen receptor. In another embodiment, tiie SARM compounds are alkylating 
agents. The SARM compounds, eitiier alone or as a con^osition, are useful for a) male 

25 contraception; b) treatment of a variety of hormone-related conditions, for example 
conditions associated with Androgen Decline in Aging Male (ADAM), such as fatigue, 
depression, decreased libido, sexual dysfunction, erectile dysfunction, hypogonadism, 
osteoporosis, hair loss, anemia, obesity, sarcopenia, osteopenia, osteoporosis, benign 
prostate hyperplasia, alterations ui mood and cognition and prostate cancer, c) treatment 

30 of conditions associated with Androgen Decline in Female (ADIF), such as sexual 
dysfunction, decreased sexual libido, hypogonadism, sarcopenia, osteopenia, 
osteoporosis, alterations in cognition and mood, depression, anemia, hair loss, obesity, 

7 
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endometriosis^ breast cancer» uteme cancer and ovarian cancel d) treatment and/or 
prevention of acute and/or chronic muscular wasting conditions; e) preventing and/oi 
treating diy ey^ conditions; f) oral androgen replacement therapy; g) decreasing lhe 
incidence of, halting or causing a regression of prostate cancer; and/or h) inducing 
5 apoptosis in a cancer cell. 

[00016] In one embodiment, the present invention provides a selective androgen Tecq}tor 
modulator (SASM) compound represented by the structure of formula I: 



10 




Y' 

I 

X is a bond, O, (333, NH. S, Se. PR, NO or NE(; 
OisOorS; 

T is OH, OR. -NHCOCH3. or NHCOR; 
IS R is alky;, haloalkyl, dihaloallQri. trihaloalkyl, CH2F, CHF^, CFj, 

CF2CF3, aiyl, pheaijd, halogra. aDcenyl or OB; 

Ri is CBb, CHaF, CHFi, CF3, at CFaCFj; 

Ra is F, a, Br, I, CH3, CF3, OH, CN, NOj, NHCOCH3, 
NHCOCF3, NHCOR, alkyl, arylalkyl, OR, NHi, NHR, NRa, SR; 
20 R3 is F, CI. Br, I, ON, NO2. COR, COOH. CONHR. CF3, S11R3, or 

R^ together with fhe baizene ring to which it is attached fonns a fused 
ring system refiresetited by the stiucture: 




Z is NO2, CN, COR, COOH, or CONHR; 
25 Y is CF3. F. Br, CI, I, CN. or SnRs; 

Q is SCN, NCS, OCN, orNCO; 
n is an integer of 1-4; and 
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XXL is an integer of 1*3. 

[(XK)17]In another embodiment, the present inventiQii provides an analog, derivative, 
isomer, metabolite, phannaceutically acceptable satt, phaimaceutical product, hydrate or 
S N-oxide of the compoimd of formula I, or any combination thereol 

[00018]In one embodiment, G in compoimd I is O. In anoliier embodiment^ X in 
compound I is O. In another embodiment, T in compound I is OIL In another 
embodimrat, Ri in compound I is CH3. In anolber embodiment, Z in compound I is 

10 NO2. In another embodiment, Z in compound I is CN. La anoth^ embodiment, Y in 
compound I is CF3* In another embodiment, Q in compound I is NCS. hi anotfaer 
embodiment, Q in compound I is in the para position. In another embodiment, Z in 
compound I is in tbe para position* In another embodiment, Y in compound I is in the 
meta position* In another onbodiment, G in cordpound I is O, T is OH, Ri is CH3, X is 

15 0,ZisN02,YisCF3,andQisNCS, 

(000191 in another embodiment, the present invention provides a selective androgen 
receptor modulator (S ARM) canqx>und represented by the structure of fonnula II: 




20 n 

wherein Xis abond, O, CH2. NH, S, Se, PR, NO or NR; 
GisOorS; 

Rx is CHa, CHaF. CHF2, CF3, CH2CH3, or CF2CF3; 
T is OH, OR, -NHCOCH3, or NHCOR; 
25 R is alkyl, haloallqrl, dihaloalkyl, trihaloalkyl, CH2F, CHF2. CF3, 

CFiCFs, aryl, phenyl, halogen, alkmyi or OH; 
A is a ring selected from: 
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P- 
P' 'P^-M 

B is a ring selected &om: 

r** p. 

'wtwrein AandB caimotKmult8QeouslybeabeiizeiieziQ£ 
5 • Z is NO2, CN, COOH, COR, NHCOR or CONHR; 

Y is CF3, F, I, Br, CI, CN CR3 or SnRj; 
Qi is NCS, SCN, NCO or OCN; 

Q2 is a hydrogen, alkyl, lialogesn, CF3, CN CR3, SnRa, NRj, NHCOCH3, 
NHCOCF3. NHCOR, NHCONHR, NHCOOR, OCONHR, CONHR, 
10 NHCSCH3. NHCSCF3, NHCSR NHSO2CH3, NHSO2R. OR. COR. 

OCOR, OSO2R, SQ2R. SR, 



Q3' 

Q3 and Q4 are independ^xdy of each other a hydrogea, allgd, 
halogen. CF3. CN CR3. SnRj. NRa, NHCOCH3, NHCOCF3, NHCOR, 
IS NHCONHR, NHCOOR, OCONHR, CONHR, NHCSCHs, NHCSCF3. 

NHCSR NHSO2CH3, NHSO2R, OR. COR, OCOR, OSO2R, SO2R or SR; 

Wi is O, NH, NR, NO or S; and 

W2 is Nor NO, 

20 [00020] In another raibodiment, fhe present invention provides an analog, derivative, 
isomer, metabolite, pbaimaceutically accqatable ssit, pharmaceutical product, bjrdrate or 
N-oxide of the compound of formula n. or any combination thereof. 
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[00021jla one embodimeiit, G in compotmd H is O. In another embodiment, X m 
compound n is O. In another embodiment, T in cmnpoxmd Q is OH. &i another 
embodiment, Ri in coinpound II is CSh^ Jn another embodiment, Z in compound H is 
NO2* In another embodiment, Z in compound II is CN. Jn another embodiment, Y in 
5 compound E is CF3. In another embodiment, Qi in compound n is NCS. Jn another 
embodiment, Qj in compound H is in &e para position. In another embodim^t, Z in 
campound n is in the para position. In another embodiment, Y in con^und II is in the 
meta position. In another embodiment, G in compound II is O, T is OH^ Ri is CH3, X is 
O, Z is NO2, Y is CF3, and Qi is NCS, 

10 

[00022] In another embodiment, the present invention provides a selective androgen 
receptor modulator (S ARM) compound tepresCTted by Ihe stmctme of formula IH: 




ni 

15 wherein Xisabond,0,CH2.NH,S,Se,PR.NOorNR: 

GisOorS; 

T is OH, OR. -NHCCMIHs, orNHCOR 
Z is NO2. CN, COOH, COR, KHCOR or COlfflR; 
Yis CF3. F, I, Br, CI, CN, CRj or SnRa; 
20 QisSCN,NCS,OCN,orNCO; 

R is alkyl, haloaUcyl, dihaloalkyi, trihaloalkyl, CH2F, CHF2, CF3. 
CF2CP3, axyl, phenyl, halogen^ alkenyl or OH; and 

Ri is CH3. CHaF, CHFj, CF3. CH2CH3, or CF2CF3. 

25 {00023)In another embodiment, the present invention provides an analog, derivative, 
isomer, metabolite^ pharmaceutically acceptable salt, pharmaceutical product, hydrate or 
N-oxide of the compound of formula HI, or any combination thereof 

[00024] In one embodiment, G in compound iH is O. In another embodiment, X in 
30 compound IH is O, In another embodiment, T in compound III is OH. In anctiia: 
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ID 



15 



20 



embodicoetit, Ri in compound m is CH3. In another embodiment, Z in compoimd ni is 
NO2. Jbi another embodiment, Z in compound III is CM. In ano&er embodiment, Y in 
conqpound m is CFi, In anotber embodiment, Q in compoxmd IQ is NCS. In another 
embodimrat, Q in compoimd m is in the para position, hi another embodiment, Z in 
compound m is in the para position. In another embodiment, Y in compound ID is in 
the meta position. In anc^her embodiment, G in compound III is O, T is OH, Ri is CH3, 



100025] In anotiier embodiment^ the present invention provides a selective androgen 
receptor modulator (SARM) compound represented by the structure of formula IV: 

HjC OH 



rv 

TftfhCTein X is a bond, O, CH2, NH, S, Se, PR, NO or KR; 

Z is NO2, CN, COOH, COR, NHCOR or COMHR; 
Y is CF3. I, Br, CI, CN, CR3 or SuRa; 
Q is SCN, NCS, OCN, or NCO; and 

R is alkyl, haloalkyl, dihaloalkyl, trihaloalkyl, CH2F, CHFi, CFa, 
CF2CF3, Bxyl, phenyl^ halogen^ alkenyl or OH. 

[00026] In another embodiment, Ihe present invention provides an analogs derivative, 
isom^, metabolite, {diamiaceuttcally acceptable salt, phannaceutical product^ hydrate or 
N-oxide of fiie compound of finmula IV, or any combination thereof* 

[00027] In one embodiment, X in compound IV is O. hi another embodhn^xt, Z in 
compound IV is NO2. In another embodiment, Z in conq)ound IV is CN. In another 
embodiment, Y in compound IV is Tn another embodiment, Q in compound IV is 



X is O, Z is NO2, Y is CF3, and Q is NCS. 




NCS. 
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[000281 In another embodiment, the present invention provides a selective androgen 
receptor modulator (SARM) compound represented by the structure of formula 
and/or an analog, derivative, isomer, metabolite, phannaceutically acceptable salt; 
pharmaceutical product, hydrate, N*-oxide, or any combination thereof. 



[00029] In one embodiment, the SARM compound of any of formulas I-V is an androgen 
receptor antagonist. In another embodiment, the SARM compound of any of formulas I- 
V binds irreversibly to an androgen receptor. In ano&er embodiment, the SARM 
10 compound of any of formulas I-V is an androgen receptor antagonist which binds 



any of formulas I*V is an alkylating agent 

{00030] In one embodiment, the present invention provides a composition comprising the 
15 selective aiidrogen receptor modulator compomid of any of formulas I*V and/or its 
analog, derivative, isomer^ metabolite, phannaceutically acci^table salt, pharmaceutical 
product, hydrate, N-oxide or any combination thereof 

[00O31] In another embodiment, tiie present invention provides a phamLaceutical 
20 composition conxpci^i^ the selective androgen receptor modulator compound of any of 
formulas I-V and/or its analog, deiivative, isomex; metabolite^ pharmaceutical product 
hydrate, N^oxide or any combination thereof; and a suitable carrier or diluent. 

[00032] In one embodiment, the present invention further provides a melhod of binding 
25 a selective androgen receptor modulator compound to an androgen receptor, comprising 
the step of contacting the androgen receptor with the selective androgen receptor 
modulator compound of any of formulas I-V, and/or its analog, derivative, isomer, 
metabolite, pharmaceutically acceptable salt, pharmaceudcal product^ hydrate, N-oxide 
or any combination thereof, in an amount effective to bind the selective androgen 
30 receptor modulator compound to the androgen receptor 




HjC OH 



5 



V 



irreversibly to an androg^ receptor. la another embodiment, the SARM compound of 
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[00033] Ib anolfaer embodimeat, the present inventioh fiirttier provides a method of 
ineversibly bindmg a selective androgen receptor modulator compound to an androgen 
receptor, comprising the step of cantacting the androgen receptor with the selective 
5 androgen lec^or modulator compound of any of formulas I-V, and/or its analog, 
derivative, isomer, metabolite^ pharmaceuticaUy acceptable salt, pharmaceutical product, 
hydrate, N-oxide or any combination Ihereoi^ in an amount effective to irreversibly bind 
the selective androgen recqptor modulator compound to the androgen receptor. 

10 [00034] In another embodiment, the present invention further provides a miethod of 
alkylating an androgen receptor^ comprising the step of contacting the androgen receptor 
with the selective androgen receptor modulator compound of any of fbrmulas I-V, 
and/or its analog, dmvative, isomer, metabolite, pharmaceutically acceptable salt, 
pharmaceuticai product, hydrate, N-oxide or any combination thereof in an amount 

15 effective to alkylate ttie androgen receptor. 

[00035] En ano&er embodiment, the present inv^ition provides a method of suppressing 
spennatogenesis in a subject^ comprising the step of contacting an androgen receptor of 
the subject vdlh the selective androgen receptor modulator compound of any of formulas 
20 I-V and/or its analog, derivative, isom^, metabolite, pharmaceutically acceptable salt, 
pharmaceutical product, hydrate, N-oxide or any combination thereof in an amount 
effective to suppress sperm production. 

[O0036jln another embodiment, the present invention provides a method of 
25 contraception in a male subject, comprising the step of administering to the subject the 
selective androgen receptor modulator compound of any of formulas I-V and/or its 
analog, derivative, isomer, metabolite, pharmaceuticaUy acceptable salt, pharmaceutical 
product, hydrate, N-oxide or any combination thereof, in an amount effective to suppress 
sperm production in the subject, thereby efifecring contraception in the subject 

30 

[000371 In another embodiment, the present invention further provides a method of 
hormone therapy, comprising the step of contacting an androgen receptor of a subject 
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with the selective androgen receptor modiilator compound of any of any of fonniilas I-V 
and/or its analog, derivative^ isomer, metabolite^ pharmaceutically acceptable salt, 
phannaceutical product, hydrate, N^oxide or any combination thereof, in an amount 
effective to bind the selective androgen receptor modulator compound to the androgra 
5 receptor and effect a change in an androgen*dependent condition. 

[00038] In another onbodiment, Ibe pceseait mvention jirovides a meOiod of hormone 
replacement Iher^y comprising the step of contacting an androgen receptor of a subject 
witii the selective androgen receptor modiilator compound of any of fomulas I^V and/or 
10 its analog, derivative^ isomer, metabolite^ pharmaceutically acceptable salt, 
phamiaceutical product, hydrate, N-oxide or Bny combination thereof^ in an amount 
effective to effect a change in an androgen-dependent condition. 

[00030] In another embodiment, the jwesent izEv^itlon furtber provides a me&od of 
15 treating a subject having a honnone related condition^ CDn4>iising the step of 
adndmsterixig to the subject the selective androgen receptor modulator compound of any 
of any of formulas I-V and/or its analog, derivative, isomer, metabolite, 
phamiaceotically acceptable sal^ phamiaceutical product^ hydrate, N-oxide or any 
combination thereof^ in an amount effective to bind the selective androgm receptor 
20 modulator compound to the androgen receptor and effect a duuige in an androgen* 
dependent conditicoL 

[00040] In another embodiment, the present invention further provides a medtod of 
treating a subject sa£fering from prostate cancer, comprising the step of administering to 
25 the subject the selective androgen receptor modulator compound of any of formulas I*V^ 
and/or its analog, derivative, isomer, metabolite, pharmaceutically acceptable salt, 
phannaceutical product, hydrate^ N-oxide or aiqr combination thereof, in an amount 
effective to treat prostate cancer in the subject 

30 [00041]£n another embodiment^ the present invention provides a method of preventing 
prostate cancer in a subject, comprising the step of administering to the subject the 
selective androgen receptor modulator compoimd of formulas I*V and/or its analog. 
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derivative, isomer, metabolite, piiazmaceuticaUy acceptable salt, phannaceutical product, 
hydrate, H-oxide or any combination thereof, in an amount effective to prevent prastate 
cancer in the subject 

5 [00042] In another embodiment, the present invention fiirther provides a mediod of 
delaying die progr^sion of prostate cancer in a subject suffering from prostate cancer, 
comprising fiie st^ of administering to the subject the selective androgen receptor 
modulator compound of any of any of formulas I-V, and/or its analog, derivative, 
isomer, metabolite, pharmaceutically acceptable salt, phannaceutical product hydrate, 
10 N-oxide or any combination tfa^eof^ in an amount effectiye to delay the jrogression of 
prostate cancer in the subject 

[00043] In another embodiment, the present invention fintfaer provides a method of 
preventing the recuirence of instate cancer in a subject sufTerii]^ from prostate cancer, 
15 comprising the step of administering to the subject the selective androgen rec^tor 
modulator compound of any of any of formulas I-V, and/or its analog, derivative, 
isomer, metabolite, pharmaceutically acceptable salt, pharmaceutical product, hydrate, 
N-oxide or any combinatipa thereof, in an amount effective to prevent the recurrence of 
prostate cancer in die subject; 

20 

[00044] In another embodiment, the present invention provides a metiiod of treating the 
recurrence of prostate cancer in a subject sufTering fi-om prostate cancer^ comprising the 
step of administering to the subject the selective androgen receptor modulator compound 
of any of any of formulas I-V, and/or its analog, derivative, isomer, metabolite, 
25 pharmaceutically acceptable salt, phannaceutical product, hydrate, N-oxide or any 
combination tb^eof, in an amount effective to treat the recmrence of prostate cancer in 
the subject. 

[00045]In another embodiment, the present invention provides a method of treating a 
30 dry eye condition in a subject suffering from dry eyes, comprising the st^ of 
administering to said subject the selective androgen receptor modulator compoxmd of 
fonnulas I-V and/or its analog, derivative, isomer, metabolite, pharmaceutically 
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acceptable salt, pharmaceutical product^ hydrate or N-oxide or any combinatioa thereof, 
in an amount effective to treat dry eyes in the subject. 

[00046] In another embodiment^ the present invention provides a method of preventing a 
5 dry eye condition in a subject, comprising the ^ep of administciiiig to said subject the 
selective androgen receptor modulator coni^und of formulas I-V and/or its analog, 
derivative, isom^^ metabolite^ pbarmaceuticalty acceptable salt pharmaceutical product; 
hydrate or N-oxide or any comUoation thereo:^ in an amount effective to prevent dry 
eyes in the subject 

10 

[OOO477I11 another embodiment; Ae present invention provides a metiiod of inducing 
eqpoptDsis in a prostate cancer ceU» camprising the step of contacting Ifae cell with the 
selective androgen receptor modulator compound of any of any of formulas I-V, and/or 
its analogy derivative, isomer, metabolite, pharmaceutically acceptable salt, 
15 pharmaceutical product, hydrate, N-oxide or any combination thereo:^ in an amount 
effective to induce apoptosis m Ifae cancer cell, 

[00048] In another embodiment ibis present invention provides jirocess for preparing a 
selective androgen receptor modulator (SARM) conq)ound r^resented by the structure 
20 offomitdal: 




I 



wherein X is a O, NH, S. Se, PR, orNR; 
25 G is O or S; 

T is OH. OR, -NHCOCH3, or NHCOR; 
R is alkyl. haloalkyl, dihaloallQrl, trihaloalkyl. CihF. CHF2. 
CF2CF3, aryl, phenyl, halogen^ alkenyl or OH; 

Ri is CH3, CH2F, CHF2, CF3. CHaCHa, or CF2CF3; 

17 
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R2 is F. CI, Br, I, CH3, CF3, OH, CN, NO2, NHCOCH3. 
NHCOCF3, NHCOR, allcyl, aiylalkyl, OR, NH2, NHR, NRi, SR; 

R3 is F, CI, Br, I, CN, NO2, COR, COOH, CONHR, CF3, S11R3, ox 
R3 together Awith tibe h&tzsae ring to Vriuch it is attached fonns a fused 
zing system represented by the structure: 




Z is NQ2. CN. COR, COOH. or CONHR; 
Y is CF3,F, Br, O, I. CN. or SnRa; 
10 QisSCN,NCS,OCN,orNCO; 

n is an int^er of 1-4; and 
m is an intega of I'S; 

&e process comprising the step of coupUi^ a compound of fbnnuia VIQ: 

^^^^^ 



IS 

VBI 

'wbnein Z, Y, G, Ri, T, R3 and m are as defined above and L is a lea^dng group, 
yrifh a compound of fonuula tX: 



20 DC 

wherein Q, X R2 and n are as defined above. 

[00049] In one embodiment, the coupling step is carried out in the presence of a base. In 
another embodiment^ the leaving group L is Br. In another embodiment, the compound 
25 of formula Vm is prepared by 
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i) pieparing a compouod of foxmtila X by ting opening of a cyclic 
compound of formula XI 




XI X 
5 wherein L, Ku G and T are as defined above^ andTi is O or NH; and 

ii) reacting an amine of formula XII: 




XII 

wherein R3 and m are as defined above, with the compound of formula X, in 
10 the presence of a coupling reagent, to produce the compound of formula Vm. 




vm 

{00050}]n one embodiment, step (a) is carried out in the presence of HBr. In another 
embodiment, the process further comprises the step of converting the selective androgen 
15 receptor modulator (SARM) compound to its analog, isomer, metabolite, (teiivative, 
phaimaceutically acceptable salt, pharmaceutical product, N-oxide, hydrate or any 
combination thereof 

[00051]In another embodimmt, the pres^ invention provides process for preparing a 
20 selective androgen receptor modulator (SARISfQ confound represented by the structure 
of formula IL 
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wherein X is O, NH. S, Se, PR, or NR; 
GisOorS; 

Ri is CH3. CH2F, CHF2, CF3, CHjCHa, or CF2CF3; 
T is OH, OR, -NHCOCH3, or NHCOR; 

R is alkyl, haloaBcyl, dihaloalkyl, trihaloalkyl. ClfcF, CHFj, GF3, 
CF2CF3, aiyl, phenyl, balogen^ attoenyl or OH; 
A is a rmg selected from: 

X>: 

B is a ring selected fixxm: 

p. ^ 

wherein A and B cannot simultaneously be a benzene ring; 

Z is NO2. CN, COOH, COR, NHCOR or CONHR; 
Y is CF3, F, I, Br, CI, CN CR3 or SnR.3; 
Qi is NCS, SCN, NCO or OCN; 
15 Q2 is a hydrogen, alkyl, halogen, CF3, CN GR3, SnRa, NI^, NHCOCH3, 

NHCOCF3, NHCOR, NHCONHR, NHCOOR, OCONHR, CONHR, 
NHCSCHa, NHCSCF3, NHCSR- NHSQ2CH3, NHSO2R, OR, COR, 
OCOR, OSO2R, SO2R, SR, 

20 Q3 and Q4 are independently of each other a hydrogen, alkyl, 

halogen, C^, CN CRg, S11R3, NRa, NHCOCH3, NHCOCF3. NHCOR, 
NHCONHR, NHCOOR. OCONHR. CONHR, NHCSCH3, NHCSCF3, 
NHCSR. NHSO2CH3, NHSO2R, OR, COR. OCOR, OSO2R. SO2R or SR; 

20 
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Wi is O, NH, NR, NO or S; and 
W2isNorNO; 

ihe {ttocess compzising the step of coupling a con^und of foimula Xm: 



xm 

wherein A, G, Ri and T ace as defined above and L is a leaving groupf 
vdtiiacoinponndof formula HX-B wherein B and X are as defined above. 



10 [00052IIn one embodiment, die coupling stsp is carried out in the pceseoce of a base, hi 
anodier embodimCTt, the leaving groi^ L is Br. In anolfaer embodiment^ Ihe compound 
of fbimula XEH is prepared by 

i) preparing a compound formula X by ring opCTiag of a cyclic compound 
of formula XI 
/ — \ H 



15 



XI X 
A^^erein L, Ri, O and T are as defined above, and Ti is O orNH; and 
ii) reacting an amine of fomiula A-^NHz wherein A is as defined above, with 
the compoxmd of formula X in fhe presence of a coupling reagent, to produce 
20 the amide of formula Xm* 



Ri 



25 
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[00053] In one embodiment, step (a) is earned out in &e presence of HBr* In another 
embodiment, the process further comprises the step of converting Ihe selective androgen 
receptor modulator (SARM) compound to its analog, isomer^ metabolite* derivative, 
pharmaceutically acceptable salt, pharmaceutical product, N-oxide, hydrate or any 
5 combination thereof 



10 



[00a5411n another embodiment, the present iavention provides process for preparing a 
selective androgen receptor modulator (SARM) compound represented by the structure 
of formula HI: 



Rf T 



15 



20 



wherein X is O, MH, S, Se. PR or NR; 
GisOor S; 

T is OH, OR, -NHCOCH3, orNHCOR 

Z is NO2, CN, COOH, COR, NHCOR cm- CONHR; 

y is CF3, F. I, Br, CI, CN, CR3 or SnRji 

Q is SCN. NCS, OCN. or NCO; 

R is alkyl, haloalkyl, dihaloalkyl, trihaloalkyl, CH2F, CHF2, CF3, 
CFiCFs, aryl, phenyl, halogen, alkenyl or OH; and 

Ri is CH3. CHiF, CHF2.CF3. CHaOfe. or CF2CF3; 



25 



the process comprising the step of coi^Ung a compound of formula XIV: 

2 _ 

G 

xrv 

wherein Z, Y, 0 Ri and T are as defined above and L Is a leaving gcoi^. 
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with a compound of fonmila XV: 

XV 

5 wherein Q and X are as defined above. 



(00055] In one ^nbodiment, the coupling step is carried out in ihc presence of a base. In 
anoth^ embodinaent, the leaving group L is Br« In another embodiment^ the compound 
10 of formula XIV is prepared by 

i) preparing a compound formula X by ring opening of a cyclic compound 
of formula XI 



G 

HO 




XI X 
IS wbereinL, Ri.aiid Tare as defined above; G is O and Ti is O or NH; and 

ii) reacting an amine of fiinmila XVI 

Z 

XVI 

wilh the confound of fbtmula X in the presence of a coupling reagent, to produce the 
20 conqpound of formula XIV. 





XTV 
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[00056} In one embodiment, step (a) is cairied out in the presence of HBr. In ano&er 
embodiment, the process further coziiprises the step of converting the selective androgen 
receptor modulator (SARM) conipound to its analog, isom«, metabolite, derivative, 
5 phannaceuticaliy acceptable salt, phaimaceutical product, N-oxide, hydrate or any 
combination thereof. 

[00057]In another embodiment, the preSCTt invention provides process for preparing a 
selective androgen rec^tor modulator (SARNQ compound represmted by the structure 
10 of formula TV: 



H3C OH 



15 



20 



25 




IV 



wherein 



X is O, NH, S, Se, PR, or NR; 
Z is NQ2. CN> COOH, COR. NHCOR or CONHR; 
Yis CFj, I, Br, CI, CN, CR3 or SnRa; 
Q is SCN,NCS, OCN, orNCO; and 

R is alkyl. haloalkyl, dihaloalkyl, trihaloalkyU CHiF, CHFj* CF3, 
CF1CF3, aiyU phenyl, halogen, alk^yl or OH; 



the process comprising tiie step of coupling an amide of fonnulaXVII: 

H3C OH 




xvn 

wherein Z and Y are as defined above and L is a leaving groiq), 



wilh a coizqjound of foxmula XVni: 



24 
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20 



xvm 

wherein Q and X R2 are as defined above. 



[00058] la one embodiment^ the coupling step is carried out in the presence of a base. In 
another embodiment* the leaving group L is Br. In another embodiment, the compound 
of fomiula XVn is prepared by 
10 1} preparing a compound fcxrmukX by rir^ opening of a cycUccompo^^ 

of formula XI 

G 



vAxsr&n L, Ku fod T are as defioed abovte, G is O and Ti is 0 or "NH; and 
15 ii) reacting an amine of fonnula XVDC 

NH2 




y 

XVIX 

witii the coinpo\]nd of £>nmda X in tlie presence of a coiq[>)ing reagent, to produce Hie 
compound of fonnula XVII. 

H3C OH 



y 



xvn 

25 
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In one embodiment^ step (a) is cazried out in the presence of HBr In another 
embodiment, the process fiirtitier comprises the step of purifying ttie SARM compound 
S using a mixture of ethanol and water. In another embodiment, the process &rther 
comprises the step of converting the selective androgen receptor modulator (SARM) 
compound to its analog, isomer, metabolite, derivative, phanoaceutically acceptable salt, 
pharmaceutical product, N^oxide, hydrate or any combination thereof 

10 [00059] The novel selective androgen receptor modulator compounds of the present 
invention, either alone or as a pharmaceutical composition, are usefid for a) male 
contraception; b) treatment of a vaciefy of hcsmone-related c<mditions, for exan^le 
conditions associated wilb ADAM, such as fatigue, dq»ression, decreased libido, sexual . 
dysfunction, erectile diysfiinction, hypogonadism, osteoporosis, hair loss, obesity, 

15 sarcopenia, osteopenia, benign prostate liypeiplasia, and alterations in mood and 
cognition; c) treatment of conditions associated vdlfa ADIF, such as sexual dysfiinction, ^ 
demased sexual libido, hypogonadism, sarcop^na, c^eopenia, osteoi)orosis, alterations 
in cognition and mood, depression, anmiia, hair loss, obesity, endometriosis, breast 
canc^, uterine cancer and ovarian cancer; d) tareatment and/or prevention of acute and/or 

20 chronic muscular wasting conditions; e) preventing and/or treating dry eye conditions; f) 
oral androgen replacement therapy; g) decreasing Ihe incidence of, halting or causing a 
regression of prostate cancer; and/or h) ioducing apoptosis in a cancer ceU. 

(p0060]The selective androgen receptor modulator compounds of the present invention 
25 of^ a significant advance over steroidal androgen treatment because the selective 
androgen receptor modulator con^unds of the present invention have been sbQ\m in- 
vivo to have an androgenic and anabolic activity of a nonsteroidal Hgand for tiie 
androgm receptor. Thus, the selective androgen receptor modulator compounds have an 
androgenic and anabolic activity of a nonsteroidal Iigand for the androgen receptor and 
30 will not be acconrpanied by serious side eSects, iaconvenient modes of administration, 
or high costs and still have the advantages of oral bioavailability, lack of cross-reacdvity 
with other steroid receptors, and long biological half-lives. 

26 
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BRIEF DESCRIPTroy OF THE DRAWINGS 
[00061] The present invention will be itnderstood and appreciated ntore fully fiom Ifae 
following detailed description taken in coigtoiction with the appended drawings in 
which: 

Figure 1: Cytotoxicity of SARM compounds in difiexent cell lines. A) Conspound V; 
B) S-NTBA; C) R-CTF-T-CA'-l; and D) R-CTF^T-BA-l, 

Figure 2: Cytotoxicrty of SARM compounds in LNCaP prostate cancer cell line (24 hr 
and 6 day treatment). A) R-CTF-T-BA-1; B) R-CTF-T-CA-1; C) S-NTBj^ 
and D) Compound V. 



15 Figure 3: Cytotoxicity of SARM compounds in a CV-1 control cdl line (24 far and 4 
day treatment). A) R-CTF-T-BA--1; B) R-CTF-T-CA-1; C) S-NTBA; and 
D) Conq)ound V. 

F^ure 4: Cytotoxicity of SARM conipoimds in PC-3 bone metastatic inrostate cancer 
20 cell line (24 hr and 4 day treatmOTt). A) R-CTF-T-BA-1; B) R-CEP-T-CA- 

1; C> S-NTBA; and D) 5^FU. 

mr.TArrirn deSCRBPTTON of the mVENTION 
[00062] In one embodiment^ this iixvention provides androgen receptor targeting agents 

25 . (ARTA). The ag^ts define a new subclass of compounds, ^diicli are selective androgen 
rec^tor modulators (SARM). The SARM compounds have unexpected antiandrogenic 
activity of a nonsteroidal ligand for the androgen receptor. In one embodiment, die 
SARM compounds bind irreversibly to the androgen receptor, in another embodiment, 
the SARM compounds are androgen receptor antagonists which bind irreversibly to the 

30 androgen receptor. In another embodiment, iSne SARM compounds are alkylating 
agents. The SARM compoimds, either alone or as a composition, are usefiil for a) male 
contraception; b) treatment of a variety of hormone*reIated conditions, for example 



27 



wo 03/074473 



PCT/US03/03121 



conditions associated wilh Androgen Decline in Aging Male (ADAM), such as fatigue, 
depression, decreased libido, sexual dysfunction^ erectile dysfunction, hypogonadism, 
osteoporosis, hair loss, a»emia^ obesity, sarcopenia, osteopenia, osteoporosis, benign 
prostate hyperplasia, alterations in mood and cognition and j>rostate cancer; c) treatment 
5 of conditions associated with Androgen Decline in Female (ADIF), such as sexual 
dysfunction, decreased sexual libido, hypogonadism, sarcopenia, osteopenia, 
osteoporosis, alterations in cognition and mood, depression^ anemia, hair loss, obesity, 
endometriosis, breast cancer, uterine cancer and ovarian cancer, d) treatment and/or 
prevention of acute and/or chronic muscular wasting conditions; e) preventing and/or 
10 treating dry eye conditions; f) oral androgen replacement therapy; g) decreasing the 
incidence of, halting or causing a regression of prostate cancer; and/or h) inducing 
apoptosis iQ a cancer cell. 

[00063] In one embodiment, the present invention provides a selective androgen receptor 
15 modulator (SARM) compoimd represented by the structure of formula I: 




Xis abond, O, CH2, NH, S, Se, PR, NO orNR; 
G is O or S; 

20 T is OH, OR, -NHCOCH3. orNHCOR; 

R is alkyU halosOJcyl, dihaloail^l, ttihaloalkyl, CH2F, CHF2, CF3, 
CFzCFi^ aryl, phenyl, halogen, alkenyl or OH; 

Ri is CH3, CH2F, CHF2, CF3, CH2CH3, or CF2CF1; 
Ra is F, CI. Br, I, CH3, CF3. OH, CN, NO2, NHCOCH3, 
25 NHCOCF3, NHCOR, alkyl, arylalkyl, OR, MHz. NHR, NR^. SR; 

R3 is F, CI, Br, I, CN, NO2, COR, COOH, CONHR, CFj, SnRj, or 
R3 together with the benzene ring to vdiich it is attached forms a fused 
ring system represented by the structure: 
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Y Y 



Z is NO2, CN, COR, COOH, or CONHR; 
Yis CF3.F, Br, C1,I, CN, or SnRj; 
Q is SCN, NCS, OCN, or NCO; 
S n is an integer of 1-4; and 

m is an integer of 1-3 . 

[00064] In one embodiment, this invention provides an analog of I3ie compound of 
formula L In another embodiment, this invention provides a derivative of the compound 

10 of fotmiila L In another embodiment, this invention provides an isomer of the 
compound of formula L In another embodiment, this invention provides a metabolite of 
tiie compound of fomiula I. In another embodiment, this invention provides a 
pharmaceutically acceptable salt of the compound of formula I. In another embodiment^ 
this invention provides a pharmaceutical product of tiie compound of fomiula I. In 

15 another embodunent, this inventipn provides a hydrate of the compound of formula I. 
In another embodiment, this invention provides an N-oxide of the compound of formula 
I. In another embodiment, tins invention provides a combination of any of an analog, 
derivative, metabolite, isomer, pharmaceutically acceptable salt, pharmaceutical product, 
hydrate or N*oxide of the compound of formula L 

20 

[0OOB5]In one embodiment, G in compound I is O. £1 another embodiment, X in 
confound I is O* In anotiier embodin^nt, T in conqxmnd I is OR In another 
embodiment, Ri in corzqxyund I is CH3. In another embodiment, Z in corzipaund I is 
NO2. in another embodiment, Z in conq)ound I is CN, In another embodiment, Y in 
25 compound X is CF^, En another embodiment^ Q in compound I is NCS* In another 
embodiment, Q in corr^und I is in ttie para position^ In another embodiment, Z in 
compound I is in the para position. In another CTibodiment, Y in compound I is in the 
meta position* Jn another embodiment, G in cona^ound I is O, T is OH, Ri is CH3, X is 
O. Z isNOa, Y is CFj, and Q isNCS. 

SO 
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[00066]In another embodiment, the present invention provides a selective androgen 
receptor modiilator (SARM) compoimd reinresented by the structure of formula II: 



n 

5 wherein Xisabond,0,CH2,NH,S.Se,PR,NOQrNR; 

GisOorS; 

Ri is CHa, CHjF, CHF2, CF3, CHzCih, or CF2CF3; 
T is OH, OR, -NHCOCHa, or NHCOR; 

R is alkyl. haloallcyl, dihaloalkyl. trihaloalkyl, CH2F, CHF2, CF3, 
10 CFzCFa, aiyl, phenyl, halogen, alkenyl or OI^ 

A is a ring selected 6ota: 

X>' X>' X>' 

B is a ling selected firom: 



or 

IS y/tisceiB. A and B cannot simultaneously be a benzene nog; 

Z is NO2. CN, COOH. COR. NHCOR or CONHR; 
Y is CF3. F. I. Br. CI, CN CR3 or SnRa: 
Qi is NCS, SCN. NCO or OCN; 

Q2 is a hydrogen, alkyl, halogen, CF3, CM CR3, SnRi, NR2, NHCOCI^, 
20 NHCOCF3, NHCOR, NHCONHR. NHCOOR. OCONHB, CONHR. 

NHCSCH3, NHCSCF3. NHCSR NHSO1CH3. NHSO2R, OR, COR, 
OCOR, OSO2R, SO2R. SR. 
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,HN ^HN, 



Q3 and Q4 are independently of each other a hydrogen, alkyl, 
halogen, CF3, CN CR3. SnRa, NR2, NHCOCH3, NKCOCF3, NHCOR, 
NHCONHR, NHCOOR, OCONHR, CONHR, ^fHCSCH3, NHCSCF3. 
5 NHCSR NHSO2CH3, NHSO2R, OR, COR, OCOR, OSO2R. SO2R or SR; 

Wi is O,NH,NR.N0 or S; and 

W2 is Nor NO- 

[00067IIn one embodiment, this invention provides an analog of the compound of 
10 foimula n. In another embodiment, ibis invention provides a derivative of the compound 
of formula H. In aiK>thex enibodtment, this invention provides an isomer of 13» 
compoimd of formula U. In another embodiment, ^ invention provides a metabolite of 
the confound of formula n. In another embo<Sraat» this invration provides a 
phaimaceatically acceptable salt of the compouizd of formula II. In another embodiment, 
13 this invention provides a pharmaceodcai product of the compound of foimula 11. hi 
anotb^ embodiment, this invention provides a hydrate of the compound of formula IL 
In another embodiment, this invention provides an N-oxide of the compound of finmula 
n. In another embodiment, this invention provides a combination of any of an analog, 
derivative, metabolite, isomer, pharmaceutically acceptable salt, pharmaceutical product. 
20 hydrate or N-oxide of the conq^ound of fismoda H. 

100068] hi cme embodiment, O in conipoimd II is O. In another embodiment, X in 
compound n is O. In another embodiment, T in oon^und H is OH. In another 
embodiment, Ri in compound n b CHa. In another embodiment, Z in compound II is 

25 NO2. hi another embodiment, Z in compound II is CN. la another embodiment, Y in 
compound II is CF3* In another embodiment, Qi in compound II is NCS* In another 
embodiment, Qi in compound n is in tiie para position. In another embodiment, Z in 
compound n is in the para position. In another embodiment, Y in compound II is in the 
meta position. In another embodiment, G in compound-H is O, T is OH, Ri is CH3, X is 

30 0,ZisN02, YisCT3.andQiisNCS. 
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[00069] In another embodiment, tiie present invention provides a selective androgen 
receptor modulator (SARM) compound represented by Hie structure of formula III: 

m 

5 wherein X is abond, O, CHa^NH, S, Se, PR, NO or NR; 

GisOorS; 

T is OH. OR, ^NHCOCHa, or NHCOR 
Z is NOi3 CN, COOH, COR. NHCOR or CONHR; 
Y is CF3, F, I, Br, CI, CN, CR3 or SnR^; 
10 QisSCN,NCS,OCN,orNCO; 

R is alkyl, haloalkyl, dihaloalkyl, trihaloaBg^l, CH2F, CHF2, CF3, 
CF2CF3, aryl, phenyl, halogen, alkenyl or OH; and 

Ri is CH3. ClfcF, CHF2. CF3. CH2CH3, or CF2CF3. 

15 [00070] In one embodiment, this invention provides an analog of the compound of 
formula HI. In another embodimrat, this invention provides a derivative of the 
compound of foimula m. In ano&er embodiment, tbis invention provides an isomer of 
the compound of fommla IH In another embodiment, tbis invention provides a 
nsetaboUte of the compound of fomuila m. Ih anolhei raibodiment, this invention 

20 provides a pharmaceutically acceptable salt of the conq>ound of formula HL In another 
embodiment, this invention provides a pharmaceutical product of tiie compound , of 
formula m. In nnnther embodimeni, this invention provides a hydrate of the cortrpound 
of formula IH, In another embodiment, this invention jnovides an N-oxide of the 
compound of formula m. In another embodiment, this invention provides a 

25 combination of any of an analog, derivative, metabolite, isomer, [diarmaceutically 
acceptable salt, pfaaimaceutical product, hydrate 01 N*oxide of the compound of fcnmula 

m, 

[00071] in one embodim^it, G in compound III is O. In another embodiment, X in 
30 compound IH is O. In another embodiment, T m compound m is OH. In another 
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embodiment, Ri in compoimd III is CH3. In another embodiment, Z in confound ItZ is 
NQ2. In another embodiment, Z in compound III is CN* In another embodiment, Y in 
compoxmd ID is CF3. In ano&er embodiment^ Q in componnd in is NCS< In another 
embodiment, Q in compound m is in the para position. In another embodiment^ Z in 
5 compound III is in the para position. In another embodiment, Y in compound lU is in 
Ihe meta position. In another embodiment, G in compoimd ni is O, T is OH, R] is CH3, 
X is O, Z is NO2, Y is CF3, and Q is NCS. 

[00072] In anotiier embodiment, ttie present invention provides a selective androgen 

10 receptor modulator (SARM) compound represented by the structure of fomiula IV: 

H3C OH 




Y 



IV 

wherein X is a bond, O, CH2, NH, S, Se, PR, NO or NR; 

Z is NO2. CN, COOH, COR, NHCOR or CONHR; 
15 Y is CF3, F, L Br, CI, ON, CR3 or SnRa; 

Q is SCN, NCS, OCN, orNCO; and 

R is alkyi, haloalkyl. dihaloalkyl, trihaloalkyl, CH2F. CHF2, CF3. 
CFiCFa, aryl, phenyl, halogen, alkenyl or OH. 

[00073] In one embodiment, lids invention provides an analog of tise compound of 
fbmnila IV. In another embodiment, this invention provides a derivative of the 
con^und of formula IV. In another embodiment, this invention provides an isomer of 
the compound of fotmxila IV. In another embodiment^ this invention provides a 
metabolite of the compound of fonnula IV. In another embodiment, this invention 
provides a phaimaceutically acceptable salt of Ihe compound of formula IV. In ano&er 
embodiment, this invention provides a pharmaceutical product of the compound of 
fonnula IV. In another embodiment, this invention provides a hydrate of the compound 
of fommia IV. In another embodiment, this invention provides an N-oxide of the 
compound of formula IV. In another embodiment, this invention provides a combination 
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of any of an analogs derivative, metabolite, isomer, phamiaceutically acceptable salt, 
phannaceutical product, hydrate or N-oxide of the compound of formula IV, 

[00074] In one embodiment X in compoimd IV is O. In another embodiment, Z in 
5 compound IV is N02- In another embodiment, Z in compoimd IV is CN. bi another 
embodiment, Y in compound IV is CF3. In another embodiment, Q in compound IV is 
NCS, 

[00075IIn another embodiment, the present invention provides a selective androgen 
10 receptor modulator (SAKM) compoimd represented by the structure of formula V: 




V 



P0076]hi one embodiment this invention provides an analog of the compound of 
formula V, In another embodiment, this invention provides a derivative of the compound 

15 of formula V. In another embodiment, dds invention provides an isomer of the 
compound of formula V. In another embodiment, this invention provides a metabolite 
of ttie compound of formula V. In another embodiment, this invention provides a 
phannaceutLcally acceptable salt of ^ compound of formula V. In another embodiment, 
this invention provides a phannaceutical product of the compouml of ibimula V, In 

20 another embodiment, this invention provides a hydrate of ttie compound of formula V. 
In another embodiment, ^dns invention provides an N-osdde of the compound of foxmula 
V. In anodier embodiment, this invention provides a combination of any of an analog, 
derivative, metabolite, isomer, pharmaceuticaUy acceptable salt, pharmaceuticai product, 
hydrate or N-oxide of the compound of formula V, 

25 

[00077] As contemplated herein, other specific embodiments of compounds included 
vdthin the scope of the present invention are compounds VI and VII. It is understood 
that mduded within the scope of the present invention are analogs, derivatives. 



34 



wo 03/074473 



PCT/US03/03121 



metabolites, isomers^ phannaceutically acceptable salts^ pharmaceutical products, 
hydrates, N-oxidcs or combinations thereof of these compounds: 




VI 




vn 



10 whCTein Q is NCS, SCN, NCO or OCN. 

[00078]The sabstituent K is defined h^:ein as an alkyl» haloalkyl, dihaloalkylt 
trihaloalkyl, CHaF* CHF2, CF3, CF2CF3; aryl, phenyl* halogm, alkenyl, or hydroxyl 
(OH). 

IS 

[00079] A21 "alkyF group refers to a saturated aliidiatic hydrocarbon* including straight- 
chain, branched-chain and cyclic alkyl gEoiq>s. In one embodiment, the aDcyl group has 
1-12 caibons. In another embodimoit, the aOcyl group has 1*7 carbons. In another 
embodiment, the alkyl group has 1-6 carbons, in another embodiment^ the alkyl group 
20 has 1^ carbons. The alkyl groi^ may be unsubstituted or substituted by one or more 
groups selected from halogen, hydroxy, alkoxy caibonyl, amido, alkylamido, 
diaUcylamido, nitro, amino, alkylamino, dialkylaxnino, carboxyl, thio and tfaioalkyL 

[00080] A "faaloalkyp group refers to an alkyl group as defined above, v.4iich is 
25 substituted by one or more halogen atoms, e.g. by F, CI. Br or L 
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[000811 An "aryl" group refers to an aioxnatic gxoup having at least one carbocyclic 
aromatic group or lieteFOcyclic aromatic group, whicli may be unsubstituted or 
substituted by one or more groups selected from halogen, haloalkyl, hydroxy, alkoxy 
caibonyl^ amido, alkylamido, dialkylamido, nitro, amino, alkylamino^ dialkylamino^ 
5 carboxy or fliio or thioalkyL Nonlimiting examples of aryl rings are phenyl, naphthyl, 
pyranyl, pyrrolyl, pyrazinyl, pyrimidinyl, pyrazolyl, pyridinyl, furanyl, thiophenyl, 
thiazolyi, imidazolyl, isoxazolyl, and the like. 

[00082] A *Tiydroxyr' group refers to an OH group. An "alkenyl" group refers to a 
10 group having at least one carbon to carbon double bond* A halo group refers to F, CI, 
Br or L 

[00083] An "arylalkyl" group refers to an alkyl bound to an aryl, wherein alkyl and aryl 
are as defined above. An example of an aralkyl group is a b^izyl group. 

15 

[00084] As contemplated herein, the present invention relates to the use of a SARM 
compound and/or its analog, derivative, isomer, metabolite, pharmaceuticaLly acceptable 
salt, pharmaceutical product, hydrate, N-oxide, or cotnbinations thereof. In one 
embodiment, Ihe invention relates to the use of an analog of Hoc SARKt conipound In 

20 another embodiment, the invention relates to the use of a derivative of the SARM 
compound. In another embodiment, the invention relates to the use of an isomer of the 
SARM compound. In another embodiment, tlie inv^ition relates to the use of a 
metaboUte of the SARM coiopound. In another embodiment, the invention relates to the 
use of a pharmaceutically acceptable salt of the SARM compound, hi another 

25 embodiment, the invention relates to the use of a pharmaceutical product of the SARM 
compound. In another embodiment, the invention relates to the use of a hydrate of the 
SARM compound. In another embodimmt, the invention relates to the use of an N- 
oxide of the SARM compound. In another embodiment, tihe invention relates to Ihe use 
of any of a combination of an analog, derivative, isomer, metabolite, pharmaceudcaUy 

30 accqitable salt, pharmaceutical product, hydrate, or N-oxide of Ihe SARM confounds 
of the present invention. 
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[00OB51AS defined herein, the tenn "isomei" includes, but is not limited to, optical 
isomers and analogs^ structural isomers and analogs, conformatiODal isomers and 
analogs, and &e like. 

5 [000861 In one CTbodiment, this invention encon^iasses the use of various optical 
isomers of the SARM compound. It will be appreciated by those skilled in ttie art that 
the SAKMs of tiie present invention contain at least one chiral center. Accordiiigly, the 
SARMs used in the methods of the present invention may exist in, and be isolated in* 
optically^active or racemic forms. Some compounds may also exhibit polymorphism. It 

10 is to be understood that the present invention encompasses any racemic, optically-active, 
polymorphic, or stereroisomeric form, or mixtures tiiereo^ which form possesses 
I)rqperties usefiil in the treatment of androgen-related conditions desoibed herein. In 
one einbodiment, the SARMs are the pure CR)-isomers. In anoflier embodiment, the 
SARMs are.fhe pure (S>*isomeis« In another embodim»t, tiie SARMs are a mixture of 

15 the OR) and ^e (S) isomers. In another embodiment, the SARMs are a racemic mixture 
comprising an equal amount of Ihs (R) and the (S) isomers. It is well known in the art 
how to prepare optically-active fonns (for example, by resolution of the racemic form by 
recrystallization techniques, by syntbesis from optically-active starting materials, by 
chiral synthesis, or by chromatographic separation using a chiral stationary phase)* 

20 

[00087] The invention includes pharmaceuticaily acceptable salts of amino-substituted 
compounds with organic and inorganic acids, for example, citric acid and hydrochloric 
acid. The invention also includes N-oxides of the amino substituents of the comi)ounds 
described herein. Pharmaceuticaily acceptable salts can also be prepared from the 
25 phenolic compounds by treatmeiit with inorganic bases, for example, sodium hydroxide. 
Also, esters of the phenolic compounds can be made with aliphatic and aromatic 
carboxylic acids» for example^ acetic add and benzoic acid esters. 

[00088] This invention fiirther includes derivatives of die SARM compounds. The term 
3D "derivatives"' includes but is not limited to ether derivatives, acid derivatives, amide 
derivatives, ester derivatives and the like. In addition, this invention further includes 
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hydrates of the SARM compounds* The term '"hydrate" includes but is not limited to 
hemihydrate, monohydrate, dihydtate, trihydrate and the Uke. 

[00069] This inventioa furttier includes metabolites of tiie SARM compounds. The term 
5 "metabolite" means any substance produced from another substance by metabolism or a 
metabolic process. 

[00090] This invention fiirdier includes phamiaceotical products of the SARM 
compounds. The teiin "pharmaceutical product"* means a composition suitable for 
10 phannaceutical use (pharmaceutical compositian), as defined h^ein. 

[00091] In ano&er embodim^ the present invention provides process for preparing the 
selective androgen receptor modulator (SARM) compounds of ttie present invention. 

15 [00092] The process of the present invention is suitable for large-scale preparation^ 
since all of the steps give rise to highly pure compounds, thus avoiding compHcated 
purification procedures which ultimately lower Ihe yield. Thus the present invention 
provides methods for the synthesis of non*steroidal agonist compounds^ that can be used 
for industrial large*scale synthesis, and tiiat provide Idghly pure products in high yield. 

20 

[00093] In one embodiment, the present invention provides process for preparing the 
selective androgen receptor modulator (SARM) compound represented by the structure 
of formula I: 



25 




I 
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10 



whereinXis a O, NH, S, Se, PR, orNR; 
Gis OorS; 

T is OH, OR, -NHCOCH3. or NHCOR; 

R is alkyi, haloalkyi, dihaloalkyl, trihaloalkyi, CH2F, CHFj, CFj, 
CF2CF3, aiyi, phenyl, halogen, alkenyl or OHi 

Ri is CH3. CH2F, CHF2, CF3, CH2CH3» or CF2CF3: 
Ra is F, CI. Br, I, CH3, CF3. OH, CN. NOa, NHCOCH3, 
>lHCOCF3> NHCOR. alkyl, arylalkyl. OR, NHz. NHR, NR3, SR; 

R3 is F, a, Br, I, CN, NO2, COR, COOK, CONHR, CF3, SnRs, or 
R3 together -with Ihe benzene ting to which it is attached fonns a iiised 
ring system represented by the structure: 



Z is NO2, CN, COR, COOH, or CONHR; 
Y is CF3, F, Br, CI, I, CN, or SnRa; 
Q is SCN, NCS, OCN. or NCO; 
n is an integer of 1-4; and 
m is an integer of 1 -3 ; 



the process comprising the step of coiqthng a compound of formula Vm: 



wherein Z, Y, G, Ri, T, R3 and m are as defined above and L is a leaving group, 
with a compound of formula IX: 





vin 
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^^^^^ 

^» 

DC 

v^erein Q, X R2 and n are as defined above. 

5 

{00094]In one embodiment, the coupling step is earned ovt in the presence of a base. Jr 
another embodiment, the leaving group L is Bn In another embodiment, the conopound 
of formula Vm is pc^aredby 

i) preparing a compoimd of formula X by ring op^iing of a cyclic 
10 compound of fpmuila XI 

XI X 
wherein L, Ri, G and T are as defined above^ and Ti is O or NH; and 

ii) reacting an amine of formula XII: 

CR3) 



15 



NHz 

Y' 

XII 

wherein Z, Y, R3 and m are as defined above, with the compound of fonnula X, in 
the presence of a coupling reag^t, to produce the compound of fonnula Vm. 

(RaV „ N/^ , 




Y 

20 vm 

{00095] In one embodiment, step (a) is carried out in the presence of HBr. In another 
embodiment, the process further comprises tiie step of convertmg the selective androgen 
receptor modulator (SARM) compound to its analog, isomer, metabolite, derivative. 
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pharmaceuttcally acceptable salt, pharmaceutical product, N*oxide, hydrate or aay 
combination thereof. 

{Ob096]Ia another embodiment, the present inventian provides process for preparizig a 
5 selective androgen receptor modulator (SAKM) compound lepreseaated by the structure 
of formula 11: 




wherein X is O, NH, S, Sc, PR, or NR; 
10 GisOorS; 

Ri is CH3, CH^,CHF2»CF3, CH2CH3. or CTaCFa; 
T is OH, OR, -NHCOCH3, or NHCOR; 

R is alkyU haloalkyl, dihaloalkyl, trihaloalkyl, CHjF. CHF2, CF3. 
CF2CF3, aryU phenyl, halogen, alkra^i or OH; 
15 A is a ling selected fixnn: 

X>' Y>' 

B is a ling selected £rom: 
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10 



p« ■p^ 

p« 

wherein A and B cannot sunuttaneously be a benzene ring; 

Z is NO2. CN, COOH. COR, NHCOR or CONHR; 
Y is CF3, F, I, Br, CI, CN CR3 or SnRa: 
Qi is NCS, SON. NCO or OCN; 

Q2 is a liydxDgen. alkyl, halogen, CF3, CN CR3. SnRs, NRa. imCOCHs, 
NHCOCF3, NHCOR. NHCQNHR. NHCOOR, OCONHR, C014HR, 
NHCSCH3, NHCSCF3. NHCSR NHSO2CH3. NHSQiR, OR. COR, 
OCOR. OSOaR. SO2R. SR. 



I 



Q3 and Q4 are independently of each otiier a hydrogen, alkyl, 
halogen. CF3, CN CR3. SnRs, NR3, NHCOCH3. NHC6CF3. NHCOR. 
NHCONHR, NHCOOR, OCONHR, CONHR. NHCSCH3. NHCSCF3. 
NHCSR NHSQjCHs, NHSO2R, OR, COR. OCOR. OSO2R, SO2R or SR; 
15 . Wi is 0,NH,NR,NO orS; and 

W2 is Nor NO; 

the process comprising the stq> of coupling, a compound of fomiulaXni: 



xm 

20 wherein A. G, Ri and T are as defined above and L is a leaving group, 

with a compound of formula EDC-B wherein B and X are as defined above. 
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[00097] Li one embodiment, the coupKng step is carried out in the presence of a base, la 
another embodimeat, the leaving group L is Br. In another embodiment, the compound 
of formula XQI is prepared by 
5 i) preparing a compound formula X by ring openiag of a cyclic compound 

of formula XI 

XI X 
wheieinL,Ri, G and T are as defined above, and Ti isOoxNH; and 
10 n) reacting an amine of formula A-NH2 herein A is as defined above^ vrHh 

the compouiid of formula X in the presence of a coi^ling reagent, to produce 
the amide of fonnula XQI. 



Rk T 

15 xm 



[00096]Iq one embodiment, step (a) is carried out in the presence of HBn In another 
embodiment^ the process further comprises the step of converting the selective androgen 
20 receptor modulator (SARM) compound to its analog, isomer, metabolite, d^ivatlve, 
pharmaceutically acceptable salt^ plmmiaceutical product, N-oxide, hydrate or any 
combination thereof. 

[00099] In another embodiment, the present invention provides process for preparing a 
25 selective androgen receptor modulator (SARM) compound represented by the structure 
of formula HI: 
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wherem X is O, NH, S, Se, PR or MR; 
G is O or S; 

T is OH, OR, -NHCOCH3. or NHCOR 

Z is NO2. CN, COOH, COR, KHCOR or CONHR; 

Y is CF3, F, I. Br, CI, CN. CR3 or SnRa; 

Q is SCN, NCS, OCN. or NCO; 

R is aJkyl, haloalkyl, dihaloallsyl, trihaloallgrl, CH J, CHF2, CF3, 
CF2GF3, aryl, phenyl, halogem, alkenyl or OH; and 

Ri is CHj, CHiF, CHF2.CF3, CH2CH3, ot CF2CF3; 

the perocess comiidsiDg the step of conqtiing a compound of fbnnuia XIV: 



15 




XIV 

w4iasin Y, G Ri and T are as defined above and L is a leaving groiip, 
^m)i^ a compound of foimula XV : 



20 




XV 

wherein Q and X are as defined above. 



5 



10 
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15 



[000100] la one embodiment, the coupling step is carried out in the presence of a 
base. In another embodiment, the leaving group L is Br. In another embodiment, the 
compound of formula XTV is prepared by 

i) preparing a compound formula X by ring opening of a cyclic compound 
of formula XT 



G 




«6eL ' 

XI X 
wherein L, Ri, and T are as defined above, G is O and Ti is O or NH^ and 
10 iQ reacting an amine of fonnula XVI 

Z 



NH2 
xvx 

^th the compound of formula X in the presence of a coupling reagent, to produce the 
compound of formula XIV. 




XTV 



20 {000101] In one embodiment, step (a) is carried out in the presence of HBr. In 
another embodiment, the process further comprises the step of converting the selective 
androgen receptor modulator (SARM) compoimd to its analog, isomer, metabolite, 
dravative, pharmaceutically acceptable salt, pharmaceutical product, N-oxide, hydrate 
or any combination diereof . 

25 
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[000102] In another embodimeni; the present invention i^vides process fiir 
prqjarmg a selective androgen receptor modulator (SARM) compound represented by 
the structure of formula IV: 

H3C OH 



Y 

IV 

wherein XisO.NE^S, Se,PR,orNR; 

Z is NO2, CN, COOH. COR. NHCOR or CONHR; 
Y is CF3, F. I, Br, CI, CN, CR3 or SnRs; 
10 Q is SCN, NCS. OCN, or NCO; and 

R is alkyl, ]ialoalkyl, dihaloalkyl, trihaloaUcyl, CHjF. CHF2. CF3, 
' CF2CF3, aryl, phea^, halogca, alk^yl or OH; 

ttie process con^iising the step of coi^>li]ig an amide of fozmulaXVH: 

H3C OH 



z 

15 Y 

xvn 

wherein Z and Y are as defined above and Lis a leaving group, 
- 'widi a compound of formula XVm 



20 

HX 



xvm 

-H^erein Q and X R2 are as defined above. 
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[000103] In one embodiment, the coupling step is caiiied out in tbe pzesence of a 
base. In another embodiment^ fbs leaving group L is Br, In another embodiment, the 
compound of formula XVII is prepared by 
s i) preparing a compound formula X by ring opening of a cyclic compound 

of formula XI 

G 



XI X 
wherein L, Ri, and T are as delGned above, G is O and T] is O orNH; and 
10 it) reacting an amine of fonnula XVTX 



Y 

XVIX 

wi& the compound of formula X in the presence of a coupling reagent^ to produce the 
compound of formula XVn. 

H3C OH 




1000104] In one embodiment, step (a) is carried out in tiie presence of HBr. In 
20 another embodiment, the process further comprises the step of converting the selective 
androgen receptor modulator (SARM) compound to its analogs isomer, metabolite, 
derivative, pharmaceutically acceptable salt, phaimaceutical product, N-oxide, hydrate 
or any combination &ereof. 
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[000105] As demonstrated herein. Applicants have fotmd lhat when Ihe puiification 
step of the SARM compounds is carried out in the presence of a nontoxic organic 
solvent and water, such as ethanol and water, for example by recrystallization fiom a 
mixture of ethanol and water, a highly pure product with excellent crystal stability is 
5 obtained in high yields. In addition^ the use of a nontoxic organic solvent/water for 
purification is safe and cheap, and avoids any biological hazards that may arise from the 
use of toxic organic solvents such as hexane. In one embodiment, the nontoxic organic 
solvent is ethanol. 

10 [000106] Thus, in one embodiment, the present invention provides a synthetic 
process for preparing the SASM compounds described herein, which involves a 
purification step comprising crystallization of the SARM product using a mixture of a 
nontoxic organic solvent and water. Li one embodimrat, the nontoxic organic solvent is 
ethanoh Li a particular embodiment the crystallization step comprises mixing an 

15 ethanol solution comprising the SARM compound with water, so as to crystallize the 
SARM compound. In a fiirther embodiment, the process further comprises th^ step of 
collecting the SARM compound by filtration. 

^[000107] The process of the present invention is suitabie for large-scale 
20 preparation, since all of the steps give rise to highly pure compounds, thus awiding 
complicated purification procedures ^Aiich ultimately lower the yield. Thus the present 
invention provides methods for the synthesis of non-steroidal agonist compounds, that 
can be used for industrial large*scale synthesis, and that provide highly pure products m 
high yield. In addition, the methods described by the present invention utilize safe, 
25 environmentally fiia[idly and cheap reagents and purification steps, thus avoiding any 
undesirable toxicological issues that may arise fiom the use of toxic, environmentally 
unfii^dly or biologically unstable reagents. 

[000103] It should be apparent to a person skilled in the art that any nontoxic 
30 organic solvent is suitable in the methods of the present invention, for example alcohols 
such as methanol or ethanol, aromatic compounds such as toluene and xylene, DMSO, 
THF, cyclohexane and the like. 
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1000109] Jn one embodiment, the nontoxic organic solvent is ethanol. Aay grade 
and purity level of ethanol is suitable. In one embodiment the etiianol is neat etfaanoL 
In another embodim^t the ethanol is an ethanol solution that contains denaturants, such 
as toluene, methanol and the like* 

5 

[000110] It is understood to ta person skilled in the art that when Ti is O or NH, T 
is compound VHI is O or NH2. Thus, when T in compound I is OR, ttie reaction will 
involve a further step of converting the OH to OR by a reaction with, for example, an 
allcyl halide R-X, When T in compound I is NHCOR, NHCOCH3, the reaction will 
10 involve a further step of converting Ae NH2 to NHCOR orNHCOCHs, by a reaction 
with, for example, the corresponding acyl chloride CICOR or CICOCH3. 

[0001 111 ^ cjne embodiment, the coiq)ling st^ defined hereinabove is carried out 
in the presence of a base. Any suitable base that will deprotonate the hydrogen of the — 

15 XH moiety (for example, a phenol tnoiety when X is O) and allow the coupling may be 
used. Nonlimiting examples of bases are carbonates such as alkali carbonate, for 
example sodium carbonate (NazCOa), potassium carbonate (K^CQs) and cesium 
carbonate (CS2CQ3); bicarbonates such as aUcali metal bicarbonateS;, for example sodium 
bicarbonate (NaHCQj), potassium bicarbonate (KHCO^), alkali metal hydrides such as 

20 sodium hydride (NaH), potassium hydiide (KH) and lithium hydride (LiH), and the like. 

[000112] The leaving group L is defined herein as any removable gro^ 

customarily considered for chemical reactions^ as will be known to the person skilled in 
the art. Suitable leaving ^ups are halog^, for example F, CI, Br and I; alkyl 

25 sulfonate esters (OSQzR) v^erein R is an allgrl group, for example melfaanesulfonate 
(mesylate), trifluoromethanesulfonate, ethanesulfonate, 2»2^-tri£luoroetfaanesulibnate, 
perfluoro butanesulfonate; aryl sulfonate esters (-OSOiAr) vdierein Ar is an aryl group, 
for example p-toluoylsulfonate (tosylate), benzenesulphonate which may be 
unsubstituted or substituted by methyl^ chlorine^ bromine, nitro and Ae like; NO3, NO2, 

30 or sul&te, sulfite, phosphate^ phosphite, carboxylate, imino ester, N2 or carbamate. 
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[000113] The reaction is convetdently carried out in a suitable inert solvent or 
dilumt such as, for example, tetrahydrofuran» diethyl ether, aromatic amines such as 
pyridine; aliphatic and aromatic hydrocarbons such as benzene, toluene, and xylene; 
dimethylsulfoxide (DMSO), dimethylformamide (DMF), and dimethylacetamide 
5 (DMAC), The reaction is suitably carried out at a temperature in the range, for example, 
-20 to 120 C.) for example at or near ambirat temperature. 

[000 114] The coupling reagent defined hereinabove is a reagent capable of turning 
the carboxylic acid/ thiocarboxylic acid of &rmula X into a reactive derivative thereof, 

10 thus enabliiig coupling with the respective amine amine to form an amidfi/diloamide 
bond. A suitable reactive derivative of a carboxylic acid / Ihiocarbox^ic acid is, for 
example, an ac^ halide / thioacyl halide, for example an acyl / ihioacyl chloride formed 
by the reaction of the acid / thioacid and an inorganic acid chloride, for example Ihtonyl 
chloride; a mixed anhydride, for exan^le an anhydride formed by the reaction of the 

15 acid and a chlorofoEmate such as isobtityl chloroformate; an active ester/tiiioester, for 
example an ester/thioester formed by the reaction of the acid/thioacid and a phenol, an 
ester/thioester or an alcohol such as methanol, ethanol, isopropanol, butanol or N- 
lrydroxyb»zotriazole; an acyl/tfaioacyl azide, for example an azide formed by the 
reaction of the acid/ttiioacid and azide such as dipheny^hosphoryl azide; an acyl 

20 cyanide/thioacyl cyanide, for exan^le a cyanide formed by the reaction of an acid and a 
cyanide such as diethylphosphoryl cyanide; or the i^oduct of the reaction of the 
acid/thioacid and a carbodiimide such as dtcyclohexylcarbodiimide, 

[000115} The reaction is conveniently carried out in a suitable inert solvent or 
25 diluent as described heieinabove, suitably in the presence of a base such as 
triethylamiae, and at a temperature in the range, as desribed above. 

Biological Activity of Selective Androgen Modulator CQmpounds 
[000116] The SARM compounds provided herein are compounds, which are 
30 selective androgen receptor modulators (SAR^^, which have an unexpected 
antiandrogenic activity of a nonsteroidal ligand for the androgen receptor. Furthermore, 
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several of the S ARM compounds bind irreversibly to the androgen receptor. Moreover, 
several of l3ie SARM compounds of the present invention are alkylating agents. 

[0001171 As contemplated herein, the appropriately substituted SARM compounds 
5 of the present invention are useful for a) male contraception; b) treatment of a variety of 
hormone-ielated conditions^ for example conditions associated with Androgen Decline 
in Aging Male (ADAM), such as fatigue, depression^ decreased libido^ s^cual 
dysfunction, erectile dysfunction, hypogonadism, osteoporosis, hair loss, anemia, 
obesity, sarcopmia, osteopenia^osteoporosis, benign prostate hyperplasia, alterations in 

10 mood and cognition and prostate cancer; c) treatment of conditions asso<^ated vdth 
ADIF» such as sexual dysfunction, decreased sexual libido, hypogonadism, sarcopenia, 
osteopema, osteoporosis, alterations in cogoition and mood, depression, anemia, hair 
loss, obesity, endometriosis, breast cancer, uterine cancer and ovarian cancer; d) 
treabnent and/or prevention of acute and/or chronic muscular wasting conditions; e) 

IS preventing and/or treating dry eye conditions; f) oral androgen replacement therapy; g) 
decreasing the incidence of, halting or causing a regression of prostate cancer, and/or h) 
inducing apoptosis in a cancer cell. 

[000113] As used herein, receptors for extracellular signaling molecules are 
20 collectively referred to as ''cell signalii^ rec^tcns". Many cell signaling receptors are 
transmembrane protems on a cell sur&ce; when they bind an extracellular s^naling 
molecule Q.e,, a ligand), Ifaey become activated so as to gen^:ale a cascade of 
intraceUular signals that alter the behavior of the cell. In contrast in some cases, the 
receptors are inside the cell and the signaling ligand has to enter the cell to activate 
25 Ihem; these signaling molecules therefore must be sufficiently small and hydrophobic to 
difBise across the plasma membrane of the cell. 

[000119] Steroid hormones are one example of small hydrophobic molecules that 
difiKise directly across the plasma membrane of target cells and bind to intracellular cell 
30 signaling receptors* These receptors are structurally related and constitute the 
intracellular receptor 5iq)er&mily (or stemid-hormone receptor sv^er&mily). Steroid 
hormone receptors include progesterone receptors, estrogen receptors, androgen 

51 



i BNSDOCID: -tWO 03074473A2_L> 



wo OJ/074473 



PCT/US03/03121 



receptors, glueocorticoid receptors^ and mineralocorticoid receptors. In one ^bodimeot, 
the present invexLtion is directed to androgen receptors. 

[000120] la addition to ligand binding to the receptors^ the receptors can be 

5 blocked to prevent ligand binding. When a substance bixids to a receptor, the three- 
dimensional structnre of the substance fits into a space created by the three- dimensional 
structure of the receptor m a ball and socket configuration. The better the ball fits into 
the socket, the more tightly it is held This phenomoion is called afBnity. If the afBrdty 
of a substance is greater than the original hormone, it wiU compete with the horznoae 

10 and bind the binding site more firequently. Once bound, signals may be sent tiffou^ the 
receptor into flie cells^ causing the cell to respond in some fiisMon. This is called 
activation. On activation, the activated receptor dien directly regulates the transcription 
of specific genes. But Ihe substance and tiie receptor may have certain attributes, other 
than afiSnity, in order to activate the cell. Chmucal bonds between atoms of the 

15 substance and the atoms of die receptors may form. In some cases, this leads to a change 
in Ihe configuration of the receptor, ^ch is aioug}i to begm die activation process 
(called signal transduction). 

{000121} In another embodiment, the present invention is directed to selective 
20 androgen receptor modulator compounds^ which are antagonist compounds. A receptor 
agonist is a substance^ which binds receptors and activates them. A receptor antagonist 
is a substance vAndtt binds receptors and inactivates them. Hius, in one embodiment^ 
the SARM compounds of the present invention are usefid in bindii^ to and inactivating 
steroidal hormone receptors. In one embodiment* the antagonist compound of the 
23 present invention is an antagonist which binds the androgen receptee. In another 
embodiment, die compound has high affinity for the androgen receptor. 

[000122] Assays to determine whether the compounds of the present invention are 
AR agonists or antagonists are well known to a person skilled in the art* For example^ 
30 AR agonistic activity can be detemiined by monitoring the ability of the SARM 
compotmds to maintain and/or-stimidate the growth of AR containing tissue such as 
prostate and seminal vesicles, as measured by weight AR. antagonistic activity can be 
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det&mined by momtoTing the abiliQr of the SARM compounds inhibit the growth of AR 
containing tissue. 

[000123] An androgen receptor is an androgen receptor of any species, for exanq>le 
5 a manmial. In one embodiment, the andtogen receptor is an androgen receptor of a 
human* 

[000124} The conqpounds of the present invention bind either reversibly or 
irreversibly to an androgen receptor. In one embodiment, (be SARM compounds bind 
l€ reversibly to an androgen receptor. In another embodiment, flie SAJRM compoimds bind 
reversibly to an androgen receptor of a manrmal. In another embodimmt, the SARM 
compounds bind reversibly to an androgen receptor of a human. Reversible binding of a 
conqwund to a receptor means that a compoxmd can detach from tfae receptor aft^ 
binding. 

15 

[000125] Lti another raibodiment, the SARM compounds bind irreversibly to an 
androg^ receptor. In one embodiment the SARM compounds bind iireyer^^ to an 
androgen receptor of a mammal. In another embodiment, the SARM compounds bind 
irreversibly to an androgen receptor of a human. Ihus, in one embodimfint, the 

20 conq>ounds of the present invention may contain a fimctional groiip (e.g. affinity label) 
that allows alkylation of the androgen receptor Q.e. covalent bcmd fonDaticm). Thus, m 
this case^ the canqjounds are alkylating agents which bind irreversibly to the receptor 
and, accordingly^ cannot be displaced by a steroid, such as the endogenous Ugands DHT 
and testosterone* An '^al^lating agenf* is defined herein as an agent which alkylates 

25 (fonns a covalerit bond) with a ceUular component,, such as DNA, RNA or en^^ Itis 
a highly reacdve chemical that introduce alkyl radicals into biologically active 
molecules and thereby prevents their proper functioning. The allcylating moiety is an 
electiophilic group that interacts with nucleophilic moieties in cellular components. For 
example, in one embodiment an alkylating group is an isocyanate moiety, an 

30 electrophilic group wliich forms covalent bonds with nucleophilic groups (N, O, S etc.) 
in cellular components. In another embodiment, an alkylating group is an isothiocyanate 
moiety, another electrophilic group which forms covalent bonds with nucleophilic 
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groiqps (N, S etc.) in cellular components, in another embodiment, an alkylating 
group is a haloalkyl (CH2X wherein X is halogen)> an electrophilic group which fonns 
covalent bonds with nucleophilic groups in cellular components. In anotber embodiment, 
an alkylating gro^ is a faaloalkyl-amido {NHCOCH2X wherein X is halogen), aan 
5 electrophilic group which forms covalent bonds with nucleophilic groups in cellular 
con^mnents. 

[(X)01261 in one embodiment, the SARM compounds of the preseot invention are 
androgen receptor antagonists which bind irreversibly to the androgen rec^tor of a 
10 mammal^ for e.g. a human, hi one embodiment, the compounds are aUgrlating agents. 

[000127] Thus, in one embodiment, the present invention &rther provides a 
method of binding a selective androgen receptor modulator compound to an androgen 
receptor, comprising the step of contacting the androgen receptor with the selective 
15 androgen receptor modulator compound of the present invention^ and/or its analog, 
derivative, isomer, metabolite, phannaceutically acceptable salt, pharmaceutical product, 
hydrate, NH>xide or any combination thereof, in an amount effective to bind the selective 
androgen receptor modulator compound to the androgen receptor. 

20 [000128] in another embodiment, the present invention further provides a method 

of irreversibly binding a selective androgen receptor modulator compound to an 
androgen receptor, conrprising the step of contacting the androgen receptor with the 
selective androgen receptor modiiiator compoimd of the present invention, and/or its 
analog, derivative, isomer, metaboUte^ pharmaceutically acceptable salt, pharmaceutical 

25 ]xoduct, hydrate, N-oxide or any combination thereof, in an amount effective to 
irreversibly bind the selective androgen receptor modulator compound to the androgen 
receptor. 

[000129] In another embodiment; the present invention fiirth^ provides a method 
30 of alkylating an androgen receptor, comprising the step of contacting the androgoi 
receptor with the selective androgen receptor modulator compound of tiie present 
invention, and/or its analog, derivative, isomer, metabolite, pharmaceutically acceptable 
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salt, pharmaceutical product, hydrate, N-oxide or any combmation thereof, in an amount 
effective to aUcyiate the androgen receptor. 

[000130} In ano^r embodiment, the present invention provides a method of 

5 suppressing spemiatog^esis in a subject, comprising the step of contacting an androgen 
receptor of the subject the selective androgen receptor modulator compound of the 
present invention, and/or its analogy derivative, isomer, metabolite, pbarmaccutically 
acceptable salt, pbamiaceutical product, tQrdrate, N*oxide or any combination thereof, in 
an amount effective to suppress sperm production, 

10 

[000131} In another embodimoit the present invention provides a melhod of 
co]^racq>tion in a male subject, comprising the step of administering to the subject the 
selective androgen receptor modulator compound of the present invention, and/or its 
analog, derivative, isomer, metabolite, pbarmaceuticaUy acceptable salt, phamiaceutical 
15 product, hydrate, N-oxide or any combination thereof, in an amount effective to suppress 
sperm producdon in die sutged; Ibesreby effecting contraception in the subject 

[000132] In another. embodiment, the present invention finther provides a method 
of hormone th^py, comprising ibs step of contacting an androgen receptor of a subject 
20 vdA the selective androgen receptor modulator compound of Ibe present invention, 
and/or its analog, derivative, isomer, metabolite, pham:iaceuticaUy acceptable sall^ 
pharmaceutical product, bjrdrate, NK>xide or any combination thereof, in an amount 
effective to bind the selective androg^ receptor modulator compound to tbe androgen 
receptor and effect a change in an androgen-dependent condition. 

25 

[0001331 ^ another embodiment, the present invention provides a method of 
hormone replacement therapy comprising the step of contacting an androgen receptor of 
a subject with the selective androgen receptor modulator compound of the present 
invention, and/or its analog, derivative, isomer, metabolite, pharmaceutically acceptable 
30 salt, pharmaceutical product, hydrate, N-oxide or any combination thereof, in an amount 
effective to effect a change in an androgen*dependent condition. 
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(0D01341 In another embodiment, the present invention fiirther provides a method 
of treating a subject having a hormone related condition, comprising the step of 
adraiuistering to the subject the selective androgen receptor modiilator compomid of the 
present invention^ and/or its analog, derivative^ isomer, metabolite, phannaceuticaUy 
5 acceptable salt, pharmaceutical product^ hydrate, N-oxide or any combination thereof in 
an amount efiEective to bind the selective androgen receptor modulator compound to the 
androgen receptor and ef&ct a change in an androgen-dependent condition. 

1000135) Androgen- dependent conditions which may be treated according to tins 
10 present invention include those conditions v^ch are associated with aging, such as 
hypogonadism^ sarcopenia, erythropoiesis, osteopotosis^ and any othis' conditions later 
determined to be dependent iq>on low androgen (e.g.« testosterone) levels. 

[0001361 In another embodiment, the present invention further provides a method 
of treating a subject sufferii:^ from prostate cancer, comprising the step of administering 
to the sutgect the selective androgen reenter modulator compound of the present 
invention, and^or its analog, derivative, iscmier, metabolite, phannaceutically acceptable 
salt, pharmaceutical product, hydrate^ N-oxide or any combinadon ttiereof^ in an amount 
effective to treat prostate cancer in the subject 

1000137] In another embodiment, the present invention provides a method of 
preventing prostate cancer in a subject, conqicising the st^ of administering to diie 
subject the selective androgen receptor modulator compound of the present mvention, 
and/or its analog, derivative^ isomer, metabolite, pbarmaceutically acceptable sal^ 
pharmaceutical product, hydrate^ N-oxide or any combination thereof, m an amount 
effective to prevent prostate cancer in the subject* 

1000138] In another embodiment, the present invention further provides a method 
of delaying the progression of prostate cancer in a subject suffering from prostate cancer, 
30 compristag the step of administering to the subject selective androgen receptor 
modulatoi compound of the present invention, and/or its analog, derivative, isomer, 
metabolite, pharmaceutically acceptable salt, pharmaceutical product, hydrate, N-oxide 
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or any combination thereof, in an amount effective to delay the progression of prostate 
cancer in the subject. 

[00Q139] In another embodiment, the present invention furflier i^ovides a method 
5 of preventing tiie rectorrence of prostate cancer in a subject suffering fix>m prostate 
cancer, comprising the step of administering to the subject the selective androgen 
receptor modulator compound of the present invention, and/or its analogs derivative, 
isomer, metabolite, phaimaceutically acceptable salt, phaimaceutical product, hydrate, 
N-oxide or any combination tiiereof, in an amount eflFective to prevent fte recurtCTice of 
10 prostate cancer in the subj ect 

[000140] In another embodiment, the present invention provides a method of 
treating the recurrence of prostate cancer in a subject suffering from prostate cancer^ 
compxisiog the step of admiTiistering to the subject fte selective androgen receptor 
15 modizlator compound of the present invention, and/or its analog, derivative, isomer, 
metabolite, phaimaceutically acceptable salt, pharmaceutical product, hydrate, N-oxide 
or any combination thereof, in an amount effective to treat the recurrence of prostate 
cancer in the subject. 

20 [Q001411 Furthermore, stimulation of the Androgen Receptor stmiuiates the 
production of tears, and thus the SARM compounds of the present invention rnay be 
xised to treat dry eye conditions. Therefore, according to another embodiment of the 
present invention, a method is provided for tzeating a dry eye condition in a subject 
suffering from dry eyes, comprising the step of adn[iinistering to said subject the 

25 selective androgen receptor modulator compound of formulas I-V and/or its analog, 
derivative, isomer, metabolite, pharmaceuticaUy acceptable salt, pharmaceutical product, 
hydrate or N-oxide or any combination di^eof, in an amount effective to treat dry eyes 
in the subject. 

30 (000142] Acccnding to another embodiment of the present invention, a method is 
provided for preventing a dry eye condition in a subject^ comprising the step of 
administering to said subject the selective androgen receptor modulator compound of 
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formulas I*V and/or its analog, derivative, isomer, metabolite, phaxmaceutically 
acceptable salt, pharmaceutical product, hydrate or N^oxide or any combinatioB thereof, 
in an amount effective to prevent dry eyes in the subject 

5 

[000143] In another embodiment, tiie present invention provides a method of 
inducing apoptosis in a prostate cancer cell, comprising the step of contacting the cell 
with tfie selective androgen receptor modulator compomid of the present invention, 
and/or its analog, drnvative, isomer, metabolite, phannacentically acceptable salt, 
10 pharmaceutical product, hydrate^ N-oxide or any combioation thereof in an amount 
effective to induce apoptosis in the cancer cell. 

(000144] As defined herein, '^apoptosis'*, or programmed cell deadi, is a form of 
cell death in which a programmed sequence of events leads to the elimination of cells 
15 without releasing harmful substances iato the sturomiding area. Apoptosis plays a 
cmcial role in developing and maintaiDing heallh by elimdnating old cells^ unnecessary 
cells, and unhealthy cells. 

1000145] As defined herein, "contactiDg" means that the SAKM compound of the 
20 present invention is introduced into a san^le containing the enzyme in atest tiibe^ flask; 
tissue culture^ chip, airay^ plate, microplate, capillary, or the like, and incubated at a 
temperature and time sufficient to perooit bindii^ of the SARM to ibs enzyme. M^hods 
for contacting the samples with the SARM or other specific binding components are 
known to those skilled in the art and may be selected depending on the type of assay 
25 protocol to be run* Ihcubadon methods are also standard and are known to those skilled 
in the art. 

[000146] M another embodiment, the temi "contacting'* means that the SARM 
compound of the present invention is iutroduced into a subject receiving treatment, and 
30 the SARM compound is allowed to come in contact with the androgen receptor in vtvo. 
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1000147] As used herein^ the tenn "treating** includes preventative as well as 
disorder retnitative treatment As nsed herein, the terms "redudng^^, '"suppiessing** and 
''inhibiting*' have their commonly understood meaning of lessening or decreasing. As 
used herein, the term "progression** means increasing in scope or seventy, advancing, 
5 growing or becoming worse. As used herein, lbs term "recurrence" means the return of 
a disease a^r a remission. As nsed herein, the t^m "delaying** means stopping, 
hioderinfe slowing down, postpomng, holding 19 or settii^ bade 

[000148] As used lieiin, the tenn "administering** refers to bringing a subject in 
10 contact with a SARM compound of ttie present inv^tion. As used herein, administration 
can be accomplished in vitro^ i.e, in a test tube, or in vfvo, i.e. in cells or tissues of living 
organisms, for example humans. In one embodiment; the present invoition encompasses 
administering the compounds of the present invention to a subject 

15 i000149] The term ''libido, as used herein^ means sexual desire. 

[000150] The term "erectiie*\ as used herein, means capable of being erected. An 
erectile tissue is a tissue, which is capable of being greatly dilated and made rigid by Ihe 
disteiision of the numerous blood vessels whidi it contains. 

20 

[000151] "Hypogonadism" is a condition resultiag firom or characterised by 

abnormally decreased functional activity of flie gonads, with retardation of growth and 
sexual development "Osteopenia" refers to decreased calcification or density of bone. 
This is a term which encompasses all skeletal systems in which such a condition is 
25 noted, 

[000152] "Osteoporosis** refers to a thinning of the bones with reduction in bone 

mass due to depletion of calcium and bone protein. Osteoporosis predisposes a person 
to fractures, which are often slow to heal and heal poorly* Unchecked osteoporosis can 
30 lead to changes iu posture, physical abnormality, and decreased mobility. 
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[000153] '"BPH (bemgn prostate hypeiplasia)" is a nosmalignant enlargeinent of 
fhe prostate gland, and is tbe most common non-malignant prolifsrative abnonnality 
found in any internal organ and the megor cause of morbidity in the adult male. BPH 
occurs in over 75% of men over 50 years of age, reaching 88% prevaleiK^e by the niiEth 
5 decade. BPH j&equently results in a gradual squeezing of the portion of the urethra 
which traverses the prostate (prostatic tn-ethra). This causes patients to experience a 
jfrequent urge to urinate because of incomplete emptying of the bladder and urgency of 
urination. The obstruction of urinary flow can also lead to a general lack of control over 
urination, including difiBculty initiating urination when desired, as well as difficulty in 
10 preventing urinary flow because of the inability to empty urine ftom the bladder* a 
condition known as overflow urinary incontinence, which can lead to urinary obstruction 
and to urinary failure. 

[000154] "Cognition" ref^s to the process of knowing, specifically tiie j^ocess of 

IS being aware, knowing, thinking, learning and judging. Cognition is related to the fields 
of psychology, linguistics, computer science, neuroscience, mathematics, eOxology and 
philosophy. Hie temi •^mood'^ refers to a temper or state of the mind. As contemplated 
herein^ alterations means any change for the positive or negadve, in cognitipn and/or 
mood. 

20 

(000155] The term "depression*' re^s to an illness that involves the body, mood 
and thoughts, that affects tiie way a person eats, sleeps and the way one feds about 
oneself, and thinks about things. The signs and symptoms of depression include loss of 
interest in activities, loss of appetite or overeating, loss of emotionM expression, an 
25 empty mood, filings of hopelessness* pessimism, guilt or helplessness, social 
withdrawal, &tigae, sleep disturbances, trouble concCTtrating» remembering, or making 
dedsions, restlessness, irritability, headaches, digestive disorders or chronic pain. 

[000156} The temi ^hair loss'^ medically known as alopecia, refers to baldness as 
30 in the very common type of male-pattern baldness. Baldness typically begins with patch 
hair loss on the scalp and sometimes progresses to complete baldness and even loss of 
body hair. Hair loss affects both males and females. 
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10001571 "Anemia" refers to the w^ndition of having less than the nonnal number 
of red blood cells or less tiiaa tie nonnal quantity of hemoglobin in ttie blood. The 
oxygen-carrying capacity of the blood is, therefore, decreased. Persons with anemia 
5 may feel tired and fatigue easily, appear pale, develop palpitations and become usually 
short of breath. Anemia is caused by four basic factors: a) hemonhage (bleeding); b) 
hraiolysis excessive destruction of red blood cells); c) underproduction of red blood 
cells; and d) not enough normal hemoglobin. There are many forms of anemia, 
including aplastic anemia, benzene poisoning, Fanconi anemia, hemolytic disease of the 
10 newborn, hereditary spherocytosis, iron deficiency anemia, osteopetrosis, penticious 
miftmla, sickle cell disease, thalassemia, myelodysplastic syndrome^ and a variety of 
bone marrow diseases. As contemplated herein, the SARM compounds of the preset 
invention are usefiil in preventing and/or treating any one or more of the above-listed 
forms of aniCTiia* 

15 

[000158] ^Obesity" refers to Ibe state of being well above one's normal weig^ 
Traditionally, a person is considered to be obese if they are more than 20 percent over 
their ideal weight. Obesity has been more fffecisely defined by the National Institute of 
Health QflH) as a Body to Mass Index (BMI) of 30 or above. Obesity is often 

20 multifactorial, based on both genetic and behavioral fectors. Overweight due to obesity 
is a significant contributor to health problems. It increases the risk of devdoping a 
nmnbCT of diseases inclui£Eig: Type 2 (adult-onset) diabetes; high blood pressure 
hypertension); stroke (cerebrovascular accident or CVA); heart attack (myocardial 
in&rction or MI); heart &ilure (congestive heart fidlure); cancer (certain forms such as 

2s cancer of the prostate and cancer of the colon and rectum); gallstones and gaUbladder 
disease (cholecystitis); Gout and gouty arthritis; osteoarthritis (degenerative arthritis) of 
the knees, hips, and the lower back; sleep cornea (failure to breath normally during sleep, 
lowering blood oxygen); and Pickwickian syndrome (obesity, red &ce, undervenriladon 
and drowsiness). As contemplated herein, the term ^obesity^' includes any one of tbe 

30 above-listed obesity*related conditions and diseases. Thus the SARM compounds of the 
present iavention are usefid in preventmg and/or treating obesity and any one or more of 
the above-listed obesity-related conditioiis and diseases. 
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[000159] 'Trostate cancer^ is one of the most frequently occumng cancers among 
men in the United States, with hundreds of thousands of new cases diagnosed each year. 
Over sixty peromt of newly diagnosed cases of prostate cancer are found to be 
5 pathologically advanced, vfiJUh no cure and a dismal prognosis. One third of all men oyer 
50 years of age liave a latent form of prostate cancer that may be activated into the life* 
threatening clinical prostate cancer form. Hie frequency of latent prostatic tumors has 
been shown to increase substantially with each decade of life from the SOs (5 J-145^) to 
the 90s (40-80%). The number of people with latent prostate cancer is the same across 
10 aU cultures, ethnic groups, and races, yet the frequency of clinically aggressive cancer is 
markedly different. Tliis suggests that environmental factors may play a role in 
activating latent prostate cancer. 
[000160] 

15 [000161] In one embodiment^ the methods of the present invention comprise 
comprise administering a SARM con^iound as the sole active ingrei&enL However, also 
encompassed within the scope of the pi^sent invention are methods fr>r homione 
ther^y, for treating prostate cancer, for delaying the progression of prostate cancer, aad 
for preventing and/or treating the recurrence of prostate canc^, which comfmse 

20 administering the SARM compoimds in combination witfi one or more therapeutic 
agents. These agents include, but are not limited to: LHRH analogs, reversible 
antiandrogens, antiestrogens, anticancer drugs, 5-aipha reductase inhibitors, aromatase 
inhibitors, progestins, agents acting Arough other nuclear hormone receptors^ selective 
estrogen receptor modulators (SERM), progesterone, estrogen, PDE5 inhibitors, 

25 apomorphine, bisphosphonate^ and one or more additional SARMS. 

[000162] Thus, in one embodiment, the methods of the present invention comprise 
administering the selective androgen receptor modulator compoiind, in combination with 
an LHRH analog. In another embodiment, the methods of the present iaveation 
30 comprise administering a selective androgen receptor modulator compound, in 
combination with a reversible antiandrogen. In anotiier embodiment, the methods of the 
present invention comprise administCTng a selective androgen receptor modulator 
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compound^ in combination with an antiestrogen. In another embodiment, the methods of 
the present invention comprise administenng a selective androgen receptor modulator 
compound, in combination with an anticancer drug. In another embodiment^ the 
methods of the present invention comprise administering a selective androgen receptor 
5 modulator compound, in combination vdikk a S^alpha reductase inhibitor. In another 
embodiment^ the metiiods of the present invention comprise administering a selective 
androgen receptor modulator compound, in combination with an aromatase inhibitor. In 
anottier embodiment^ the methods of fhe present invention comprise administering a 
selective androgen receptor modulator compound, in combination with a progestin. In 

10 another embodiment, the methods of Ihe present invention comprise administering a 
selective androgen receptor modulator compound, in combination with an agent acting 
ibropg^ other niiclear hormone receptOTS. In another embodimoot, the methods of the 
present invention comprise administering a selective androgai receptor modulator 
compound, in combination with a selective eslrogai isce^^tor modulators (SERM). In 

15 aiK>Cher embodimeod, ^hc methods of ihe present invention comprise administering a 
selective androgm receptor modulator compound^ in combination with a progesterone. 
In another embodiment, the methods of the present inv^xtion compose administering a 
selective androgen receptor modulator compound, in combination wifli an estrogeai. In 
anothor embodiment, the methods of the* present invention comprise administerihg a 

20 selective androgen receptee modulator comiKiUQd, in combmation with a PDES mhibitor. 
In another embodimrat, the methods of the present invention comprise administering a 
selective andzogm receptor modulator compound, in combination with apomorphine. In 
another embodiment, the methods of the present invention conqnrise administering a 
selective androgen receptor modulator compound, in combination with a 

25 bisphosphonate. Inanotherembodiment,themethodsof1hepre$ent invention comprise 
administering a selective androgco receptor modulator compound, in combination with 
one or more additional SAKMS. 

[000163] In one embodiment, the present invention provides a composition 
30 comprising the selective androgen receptor modulator compound of fhe present 
invention and/or its analog, derivative, isomer, metabolite, phaxmaceutically acceptable 
salt, pharmaceutical product, hydrate, N-oxide or any combiaation thereof. 
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[000164] La another embodiment, tbe present invention provides a pharmaceutical 
con^sition comprising the selective androgen receptor modulator compound of the 
present invention and/or its analog, derivative, isomer, metabolite, pharmaceutical 
5 product^ hydrate^, N*oxide or any combuiation thereof; and a suitable carrier or diluent. 

[000165] As used herein, "pharmaceutical composition" means therapeutically 
effective amounts of the SARM together with suitable diluents, preservatives, 
solubilizers^ emuisifiers, adjuvant and^or carriers. A "therapeutically effective amount" 

10 as used herein refers to Aat amount which provides a therapeutic effect for a given 
condition and administration regimen. Such compositions are Uquids or Lyophilized or 
otherwise dried formulations and include diluents of various buffer content (e*g», Tris- 
HCL, acetate, phosphate), pH and ionic strmgth, additives such as albumin or gelatin to 
prevent absorption to surfaces, detergents (e.g., Tween 20, Tween 80, Pluronic F68, bile 
, 15 acid salts), solubilizing agents (e.g.; glycerol, polyethylene glycerol), anti-oxidants (e.g«, 
ascorlxc acid, sodium metabisulfite), preservatives (e.g., Thimerosal, benzyl alcohol, 
parabens), bulking substances or tonicity modifiers (e.g., lactose, mannitol), covalent 
attachment of polymers such as polyethylene glycol to the proteiii, compilation with 
metal ions, or incorporation of the material into or onto particulate preparations, of 

20 polymeric compounds siach as i>olylactic acid, polgiycolic acid, hydrogels, etc. or onto 
liposomes, microemulsions, micelles, unilamellar or multilamellar vesicles, erydirocyte 
g^sts, or spheroplasts.) Such compositions will infiuence the physical state, solubility, 
stability, rate of in vivo release^ and rate of in vivo clearance. Controlled or sustained 
release compositions include formulation in lipophilic depots (e.g., fatty acids, waxes, 

25 oils). 

[000165] Also comprehended by the invention are pardculate compositiCHis coated 
with polymers (e.g., poloxamers or poloxamines). Other embodiments of tiie 
con^iositions of the invention incorporate particulate forms protective coatings^ protease 
30 inhibitors or peimeatton enhancers for various routes of administration, including 
parenteral, pulmonary, nasal and oral. In one embodiment the pharmaceutical 
composition is administered parenterally, paracancerally, transmucosaUy, transdermally. 
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iiitraiuuscularly, mtravenotisly^ intradennaUy, subcutaneously, intrap^tonealy, 
inlravcntricularly, intravagizially, intracranially and intratumorally. 

[000167] Further, as used herein "phannaceutically acceptable carries" ai^ well 
5 known to those skilled in the art and include, but are not Iknited to, 0.01-0«1M and 
^fbrably 0,OSM phosphate bu£fer or 0.8% saline. Additionally, such phannaceutically 
acceptable carriers may be aqueous or non-aqueous solutions, suap^isioiis, and 
raiulsions. Examples of non-aqueous solvents are propylene glycol, polyethylene glycol, 
vegetable oils such as olive oil, and injectable organic esters such as ethyl oleate. 
10 Aqueous carriers mclude water, alcoholic/aqueous solutions, emulsions or suspensions, 
including saline and buffered media, 

[000168] Paxrateral vehicles include sodium chloride solution. Ringer's dextrose, 
dextrose and sodium chloride, lactated Ringer's and fixed oils. Intiavenous vehicles 
15 include fluid and nutrient replenishers, electrolyte replenisliers such as those based on 
Ringer's dextrose, and the like. Preservatives and other additives may also be present, 
such as, for example, aatimicrobials^ antioxidants, collating agents^ inert gases and Ihe 
lilK. 

20 [000169] Controlled or sustained release compositions include fbrmulatioa in 
lipophilic d^>ote (e.g. fatty acids, waxes, oils). Also comprehended by the invention are 
particulate compositions coated with polymers (e.g. poloxamers or poloxamines) and the 
compound coupled to antibodies directed against tissue-specific receptors, hgands or 
antigens or coupled to ligands of tissue-specific receptors. 

25 

[0001701 Other embodiments of the compositions of the invention incorporate 
particulate forms, protective coatings, protease inhibitors or permeation enhancers for 
various routes of administration, including parenteral, puimonary, nasal and oral. 

30 [000171] Compounds modified by the covalent attachment of water-soluble 
polymers such as polyethylene glycol, copolymers of polyethylene glycol and 
polypropylene glycol, carboxymethyl cellulose, dextran, polyvinyl alcohol. 
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polyvinylpyiralidone or polyproline are known to exhibit substanliaUy longer half-lives 
in blood following intravenous Injection than do the coiresponding umnodijSed 
compounds (Abuchowski et aL, 1981; Newmark et al*, 19S2; and Katie et aL» 1987). 
Such modifications may also increase the compound's solubility in aqueous solution, 
5 elinunate aggregation, enhance the physical and chemical stability of tibe conqpouod, and 
greatly reduce die inununogenicity and reactivity of the compound As a result, the 
desired in vivo biological activity may be achieved by the administration of such 
polymer-compound abducts less fi^equently or in iavm doses than iwitii die unmodified 
compound. 

10 

[000172] In yet another embodiment, the pharmaceutical composition can be 
delivered in a controlled release system. For exampie^, the agent may be administered 
using intravmous mfusion, an implantable osmotic pump, a transdenotial patch, 
liposomes, or other modes of administration, hi one embodiment, a pump may be used 

r 

15 (see Langer, supra; Sefton, CRC Crit. Ref. Biomed. Eng. 14:201 (1987); Budiwald et 
al.. Surgery 88:507 (1980); Saudek et ai., N. Engl. J. Mei 321:574 (1989). In another 
embodiment, polymeric materials can be used. In yet another embodiment a controlled 
release system can be placed in proximity to the therapeutic target, i,e,, the brain, thus 
requiring only a firaction of die systraiic dose (see, e.g., Goodson, in Medical 

20 Applications of Controlled Release, supra, vol 2, pp. 115-138 (1984). Other controlled 
release systems are discussed in the revi^ by Langer (Science 249: 1527-1533 (1990). 

[000173] Hie pharmaceutical preparation can comprise the SARM agent alone, or 
can further include a phaimaceutically acceptable carrier, and can be in solid or liquid 

25 form such as tablets, powders, capsules, pellets, solutions, suspensions, eUxirs, 
emulsions, gels, creams, or suppositories^^ including rectal and urethral suppositories. 
Pharmaceutically acceptable carriers include gums, starches, sugars, cellulosic materials, 
and mixtures thereof. The pharmaceuticat preparation containing the SARMagent can be 
administered to a subject by, for example, subcutaneous implantation of a pellet; in a 

30 . further embodiment, the pellet provides for controlled release of SARM agent over a 
period of time. The preparation can also be administered by intravenous, intraarterial, or 
intramuscular injection of a liquid preparation, oral administration of a liquid or soUd 
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preparation, or by topical ^plication. Admiiustratioii can abo be accomplished by use 
of a rectal suppository or a urethral sui^sitory. 

(0001741 pharmaceutical preparations of the invention can be prepared by 

5 knoiivn dissolving, mixing, granulating, or tablet-forming processes. For oral 
administration, the SARM agents or their physiologically tolerated derivatives such as 
salts, esters^ N-oxides, and the like are mixed with additives customary for this purpose, 
such as vehicles, stabilizers, or in^ diluents, and converted by customary methods into 
suitable forms for administration, such as tablets, coated tablets, bard or soft gelatin 
10 capsules, aqueous, alcoholic or oUy solutions. Examples of suitable inert vehicles are 
conventional tablet bases such as lactose, sucrose, or cornstarch in combination with 
binders such as acacia, cornstarch, gelatir^ with disintegrating agents such as cornstarch, 
potato starch, algtnic acid, or with a lubricant such as stearic acid or magnesium stearate. 

15 (0001751 Examples of suitable oily vehicles or solvents are vegetable or animal oils 
such as sunflower oil or fish-iiver oil. Preparations can be effected both as dry and as 
wet granules. For parmteral administration (subcutaneoiis, intravenous, intraarterial, or 
intramuscular injection), the SARM agents or their physiologically tolerated derivatives 
such as salts, esters, N-oxides, and the like are converted into a solution, suspension^ or 

20 emulsion, if desired with the substances customary and suitable for this purpose, for 
example, solubittzers or other auxiliaries. Examples are sterile hquids such as water and 
oils, with or without die addition of a surfactant and other phannaceutically acceptable 
adjuvants. Illustrative oils are those of petroleum, animal, vegetable^ or synthetic origin, 
for example, peanut oil, soybean oU, or mineral oil. In general, water, saline, aqwous 

25 dextrose and related su^ solutions, and glycols such as propylene glycols or 
polyethylene glycol are preferred liquid carriers, particularly for injectable solutions. 

[0001761 The preparation of pharmaceutical compositions which contain an active 
component is well understood in the art Typically, such compositions are prepared as 
30 aemsols of the polypeptide delivered to the nasopharynx or as injectables, eitha: as 
liquid solutions or suspensions; however, solid forms suitable for solution in, or 
suspension in, liquid prior to injection can also be prepared. The preparation can also be 
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emulsified. The active therapeutic ingredirait is often mixed wifii excipients which are 
Xkhannaceutically acceptable and compatible with the active ingredient. Suitable 
excipients are, for example, water, saline, dextrose, glycerol^ etfaanol, or the like or any 
combination fliereof 

5 

[000177] In addition, the composition can contain minor amounts of auxiliary 
substances such as wetting or emulsifying agents, pH buffering agents which enhance 
the effecttveness of the active ingredient. 

10 [000178] Ad active component can be formulated into the composition as 
neutralized pharmaceutically acceptable salt forms. Pharmaceutically acceptable salts 
include the acid addition salts (formed wilh flie free amino groups of the polypeptide or 
antibody molecule), which are formed with inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, 

IS mandelic, and the like. Salts formed from the free carboxyl groups can also be derived 
from inorganic bases such as, for example, sodimn, potassiiun, ammonium, calcium, or 
ferric hydroxides, and such organic bases as isopropylamine, trimethylamine, 2- 
ethylamino ethanol, histidine, procaine^ and flie like, 

20 [000179} For topical admtnistration to body surfeices using, for example, creams, 
gels, drops^ and the like, the S ARM agents or dneir physiologically tolerated derivatives 
such as salts, est^s, N-oxides, and the like are prepared and applied as solutions, 
suspensions, or emulsions in a physiologically acceptable diluent with or without a 
pharmaceutical carrier. 

25 

[000180} In another embodiroent, the active confound can be delivered in a 
vesicle, in particular a liposome (see Langer, Science 249:1527-1533 (1990); Treat et ai., 
in Liposomes in the Therapyof Infectioxis Disease and Cancer, Lopez* Berestein and 
Fidler (eds-), Liss, New York, pp, 353-365 (1989); Lopez-Berestein, ibid, pp. 317-327; 
30 see generally ibid)> 
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[000181] For use in medicine* tiie salts of the SARM will be pharmaceutically 
acceptable salts. Other salts may, however^ be usefiil in the preparation of the 
compouuds according to the invention or of their pharmaceutically acceptable salts. 
Suitable pharmaceutically acc^table salts of the compounds of tibis invention include 
5 acid addition salts which may, for example, be formed by mixing a solution of the 
compound according to the invention with a solution of a pharmaceutically acc^table 
acid such as hydrochloric acid, sulphuric acid, medianesulphonic acid, fumaric acid, 
maleic acid, succinic acid^, acetic acid, benzoic: add, oxalic acid, citric acid, tartaric acid, 
carbonic acid or phosphoric acid 

10 

{000182] The following exan^Ies are presented in order to more fully illustrate the 
preferred embodiments of the invention. They should in no way be construed, however, 
as HmiiiTig the broad scope of the inventioiL 

IS 

EXPERIMENTAL DETAILS SECTION 

Experimental Methods 
Cen Lines 

[000183] The origins of the cell lines used in the studies described herein are 
20 ^bown in Table 1 below: 



Table 1 



Cell line 


Moiphotogy 


Receptor 
espresscd 


Origin 


Patient 


LNCaP 


Epithelial 


Androgen; 
Estrogen 


Needle 
aspiration 
biopsy of left 
supraclavicular 
lymph node 


5Q-year-old white male with 
tage Dl prostatic canc^ 


DU145 


Epithelial 




Metastatic CNS 
lesion 


69-year-old white male with 
metastatic carcinoma of the 
prostate and a 3 year history of 
lymphocytic leukemia 


PC-3 


Epithelial 




Prostatic 
metastatic bone 
marrow 


62-year-otd male Caucasian with 
grade IV prostatic 
adenocarcmoma 


PPOl 
(primary prostate 
carcinomarl) ~ 


Epithelial 




Transurethral 
resection of the 
prostate 


67-year*old black mate with 
stage D2 poorly difierentialted 
adenocarcinoma of prostate 


TSU 


Epithelial 




Metastatic 
tumor in a 
cervical lymph 


7S*year*old male Japanese with a 
moderately difSsreatiated prostatic 
adenocarcinoma 
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node 




TCCSUP 


Epithelial 




Anaipastic 
txaDsitiottal ceU 
carcinoma in 
the neck of 
urinaiy bladder 


67-year-old ftioale with grade 
IV bladder canco* 


HT-29 


EpitheUal 


Urokinase 
receptor; 
'Vitamin D 


Colorectal 
adeoocarcinoma 


44-year-oId female Caucasian 


CV-1 


Fibroblast 




Noimal kidney 


Male adult (141 days) Afiican 
green moni^ 


MCF-7 






Breast 

adenocarcfnoma 





Cell Growth Conditions 

[000184] PPC-1, LNCaP, TSU, PC*3, and DU145 were grown in PRMI-1640 
medium containing 2 mM L-glutamine supplemented with 10% fetal bovine serum 
5 (FBS). Cells were maintained in a 5% C02/95% air humidified atpmpsphere at 37°C. 

Sulforhodflwiiiifi B fSRB) assay 

[000185] The SRB Assay was used to determme cell number during cytotoxocity 
experiments. The following protocol was used: 

1 . Cells were detached with 0,25% trypsin. 

2. Experimental cultures were cultured in 96-weU mi^ottter plates (200uL growth 
medium par well; 1^000-200,000 cells per well). 

3. Cultures were fixed with 50 uL 50% TCA (4 °C), (see cell fixation protocol for 
details). 

4. Fixed cells were stained with 50 vL 0*4% (wt/vol) SRB in 1% acetic acid for 10 
minutes. 

5. SRB was removed and and the cultures w^e qmcldy^ rinsed 5 times with 1% acetic 
acid to remove unbound dye,** 

6. Cultures were air-dried overnight until there is no visible moisture. 

7. The cellular protein-bound SRB was dissolved with 200 uL unbuffered Tris base (10 
mM, pH 10.5) for 30 minutes on a rocking platform shaker. 

8. Absorbance was read at 540 nm. 
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* quickly pecfonning nnsing process is to prevent desoiption of protem-bound SRB 
cotaple^eify remove residual wssh soludoit by sbaiply fUcldng plates over sink. 

Fixation of ccMa attached to the plastic j mhatratiim 
5 [000 1 861 The foUoAVing protocol was used &t fixing cells: 

a- 50 uL of 50% TCA (4 "^C) were gently layered on the top of growth medium in each 
well to make a final TCA concenlratum of 1 0%. 

b. Cultures were incubated at 4 ^'C for 1 hour. 

c. Cultures wero washed. 5 times wilh t^ water to remove TCA, growth medium, low* 
10 molecular*-weight metabolites, and serum protein. 

d* Plates were air-dried until th^ was no visible moisture. 

Results 
EXAMPLE 1 

15 

CYTOTQXICrrY OF COMPQUimS IN DIFFERENT CELL IJNES 

1000187] The IC50S of R-CTF-T-CA-1, R-CTF-T-BA-l, S-NTBA, Compound V, 
5-FU and Taxol in prostate cancer cell lines (DU 145. PC-3, TSU» PPC-1 and LNCaP), 

20 in other cancer ceU lines (TCCSUP, HT^29) and in a control cell line (CV-1) are shown 
in Tables 2A and 2B, and in Figure 1. The results demonstrate that Compound V is 
highly selective for ihe AR-expressing LNCaP prostate cancer cell line, compared wifli 
other prostate cancer cell lines which do not express the AR, and with non-prostate 
cancer cell lines. These results demonshate the potential of Conxpound V as a useful 

25 agent in prostate canc^ monotherapy. 



TABLE 2A - Prostate Cancer Cdi Lines 



Name 


Structure 


MW 


Prostate Cancer Cell Lines 


DU145 


PC-3 


TSU 


PPC-1 


LNCaP 


R-CTF-T- 
CA-1 




471. as 




6.1±DJ 




2.510.1 
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R-CTF-T- 
BA-i 
(MM) 




51632 


3.110J 








3J±0,4 


S-NTBA 
(MM) 


Hff ^ 


37M1 




3.1±0<6 






U4102 


Compound 

V 


O 


42139 


74.8±li 




56,9i2.9 










5-FU 

bim 




130.1 


4.5±03 


10.S±0.6 


2.7^.6 


5.1±0.5 


4J±0.6 


Taxol 
(nM) 




S53J 






2,4±0,B 


2.7±0,3 


l.9±0J 

1 



TABLE 2B - Other Cancer CeQ Lines and Control 



Name 


Stnictine 


MW 


Other Cancer Cell Lines and 


Control 


TCCSUP 


HT'29 


CV-1 (CootioJ) 


R-CTF-T- 
CM 

(m 




471^ 




6,4i^>J 


2.7±1.0 


R-CTF-T- 

(mM) 




51653 


3.8±0J 


L6±0.Q3 




S-NTBA 




371.U 


2.4103 


6J±D.3 


12,7±03 


Cbmpound 
V 


o 


421.39 


>100 


51<J±17 


NA 


S-FU 




130,1 


3.6±0J 


5,4±l,l 


S.4it03 


Taxol 
(nM) 




853^ 
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EXAMPLE 2 

CYTOTOXICrrY OF COMPQTJNPS IN LNCaP CELL LINE 

5 [000188] ITie ICsoS of R-CTF-T-CA-1, R-CTF-T-BA-1, S-NTBA, aad Compound 

V in AR-expressing LNCaP Prostate Canc^ cell line and in a control cell line (CV-1) 
are shown in Table 3 and in Figure 2 (J-NCaP) and Figure 3 (CV-1), Following 24 hr 
treatment, the ICjos of R-CTF-BA-1, R-CTF-T-CAl, S-NTBA and Compound V in the 
LNCaP cell line were 1 1^ ^M, 3.5 |jM» 4.4 jiM and 39.6 jiM, lespecttvely. Following a 

10 6 day treatmwxt, the ICsos of R-CTF-BA-1, R-CTF-T-CAl, S-NTBA and Compound V 
in the LNCaP cell line were 8*1 pM, 1.7 pM, 2.1 piM and 33.6 jjM, respectively. This is 
compared with the results in a control CV-I cell iine^ in which the IC50S of R-<;TP-BA- 
1 , R-CTF-T-CAl, and S-NIBA following a 4 day treatment were 13,9 jiM, 4.2 pM. and 
4.9 ^iM respectively (Compound V — NA). The results demonstrate tliat Coxtq)Ound V is 

15 hi^y selective for the AR-expressing LNCaP prostate cancer cell line, compared with a 
control cell line. These results demonstrate the potential of Compound V as a useful 
agent in prostate cancer monodiereqpy. 



TABLE 3- Different Treatment of R-CTFs on LNCaP and CV-1 



Name 


Structure 


LNCaP (itM) 


CV-1 (}jjM) 


24 hr 


6 day 
treatment 


24 hr 
trcatmeat 


4day 


R-CTF-T- 
BA-1 




11.2^:4.6 

{9-10- 
01) 


8.1±0,« 
(^-01) 


23.4±1,6 
(9-11-01) 


13.^.8 

(9-11- 
01) 


R-CTF-T- 
CA-1 




3.5=tL9 
(9-10^ 
01) 


1J±0.1 
(9-8-01) 


(9-U-Ol) 


4J2±OJ 
(9-11- 
01) 


S-NTBA 




4.4±2,0 
(9-10- 
01) 


2.1:^0.2 

(9-8-01) 


48.2±10.9 
(9-11-01) 


4.9±0.5 
(9-U- 
01) 


Compound 
V 




39.6±2.7 
(9-10- 
01) 


33. 6±6S 
(9-8-01) 


KA 
(9-11-01) 


NA 
(9-11- 
01) 



20 
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EXAMPLE3 

CYTOTOXICITY OF CQMPOTJNDS IN PC-3 CELL LINE 

5 [0)01891 The ICsoS of R-CTF-T-CA-1, R-CTF-T-BA-1. S-NTBA, and 5-FU in 
P&3 Prostatic metastatic bone marrow cell line ate shown in Table 4 and in Figure 4. 
Following 24 hr treatment, the ICsoS of R-CTF-BA-1, R-CTF-T-CAl, S-NTBA and 5- 
FU were 22*1 jiM, 5.8 pM, >50 ^iM and 22-50 pM, respectively. Following a 4 day 
treatment, Ae ICsoS of R-CTF-BA-1, R-CTF-T-CAl, S-NTBA and 5-FU were 16.8 jiM, 

10 4.3 jiM, 1 8.0 |xM and 10.9 |jM, respectively. 



TABLE 4- Siumiiaty of ICsos of R-CTF-Ts on PC-3 from different treatments 



Name 


Structure 


IC50 ((iM) 


241ir 


4 day 
treatnieDt 


R-CTF-T-BA- 
1 


O O 


22.1 


16.8 


R-CTF-T-CA- 
1 




5.8 


43 


S-NTBA 




>50 


Ifi.O 


5-FU 




20-50 


20,9 
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EXAMPLE4 

EXTENDED CYTOTOXIC3TY STUDIES OF COMPOTMDS IN DIFFERENT 

CELL LINES 

5 

[000190] The ICsos of DJ 1-31, DJ 1-29, S-NTBA and CompoiaKi V in differant 
prostate cancer cell lines (DU 145, PC-3, TSU, PPC-1 and LNCaP), in other cancer cell 
lines (TCCSUP, HT-29 and MCF-7) and in a control cell line (CV-1) aft^ 1 and 4 days 
10 of mcnbation with the drug^ are shown in Tables 5 A and B. The results demonstrate 
that Compound V is highly selective for the AR-expressing I^CaP prostate cancer cell 
line, compared with other prostate cancer cell lines which do not express the AR, and 
with non-prostate cancer cell lines. These results demonstrate the potential of 
Compound V as a useful agent In prostate cancer monotherapy. 

15 

TABLE 5A - Prostate Cancer Cell Lines 



Cpd ID 


Structure 


drug 

tfme (day) 


ICgo (uM) 


LNCaP 


DU 146 




PPC-1 


TSU 


DJI^I 




1 




1.0±0.2 


5.4±0,8 


h9±0A 


13±0J 


4 


3J±0.4 


0,7±0.1 


53±0,8 


1 1^.1 


Ll±0.1 


DJ 1-29 




t 


1.1±0.4 


0.4±OJ 


2.31:0.1 


0.9±0.1 


l.3±0.1 




4 


L8±0.2 


0,4±0.i 


2.4±0,4 


1.3±0,1 




S-rfTBA 




1 










4.9±0.4 


4 




4.6±0.8 


3.7±l.l 


2.7±0.8 


2.9±0.2 


V 




t 




62A±0,6 


47,S±4^ 


63,7±4.6 


54.1±5.5 




4 


12.8^:4.1 


69.7±6.5 


48,5±10,l 


62.6±4.9 


55.0±0.8 
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TABLE 5B <- Other Cancer Cell Lines and Control 





oiTUviUre 


drug 
Incubadon 
ttme (day) 




HT-29 


TCCSUP 


MCF-7 


CV-1 


DJ 1-31 




1 


5,4=b0.1 


2A±03 


X5.8±2,7 


5.S±0.3 




4 




2J±0,3 


14.0±IJ 




DJ 1-29 




1 


3.6±0.4 




1L.9±03 






4 




2Jdb0.4 


12^.7 




S-NTBA 




1 








>50 


4 


10.&k0.4 


4^3 




38.6±3^ 


V 




1 


S5S±4.S 


90.41:2^ 


32.7^13 


>100 


4 


73.0bfel^ 


7S.l±li:Z 


29AtSA 


>100 



EXAMPLES 

EBCTiCT OF COMPOUNDS ON APOPTOSIS IN DIF^^ 

10 

[000191] The ability of DJ 1-31, DJ 1-29, S-NTBA and Compoimd V to induce 
apoptosis in different prostate cancer cell lines (DU 145, PC-3, TSU, PPC-1 and 
LNCaP), in other cancer cell lines (TCCSUP* HT'29 and MCF-7) and in a control cell 
line (CV-1) was determined and the results are showa in Table 6. 

15 

TABLE 6 ; 



CpdlD 


Structure 


Enrichment factor 




0U145 


PC-3 


PPC-1 


TSU 


HT-29 


TCCSUP 


MCF-7 


CV-1 


OJ 1-31 




1^74 


2.500 


0.594 


1.312 


0.043 


1.205 


0.471 


0.938 


0.702 


OJ 1-29 




1©.S71 


19.943 


0.531 


1.146 


1.00B 


1,667 


0.000 


1.617 


0.766 


S-NTBA 


HO 


0.600 


1.929 


0,750 




"0.705 




0.118 


2.012 


0.393 


CK ves 




2,000 


5.071 


2.500 


1.749 


1.167 


1.410 


1.176 


1^26 


6.546 
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[000192} It will be appreciated by a parsoa skilled in the art that the present 
invention is not limited by vAat has been particulariy shown and described hereinabove. 
Rather, the scope of the invention is defined by tiie claims that follow: 
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yHAT IS CHLAIMED IS: 

A selective androgen. Teceptor modulator (SARM) con^oxmid lepiBseiited by the 
stmctuie of fonnula I: 



Xis abond, O, CH2,NH, S, Se, PR. NO or NEt; 
GisOorS; 

T is OH. OR, -NHCOCH3, or NHCOR; 

R is alkyl, haloalkyl, dihaloalkyl, trihaloaUcyl, CHzF, CHFj, CF3, 
C^2CF3, aiyl. ph^yl. balog^ alkeayl or OH; 

Ri is CH3, CH2F, CHF2, CF3. CH2CH3, or CF2CF3; 
Ri is F. CI, Br, I, CH3, CF3, OH, CN, NO2. NHCOCH3, 
NHCOCF3, NHCOIt, alkyl. aiylalkyl, OR, NH2, NHR, NR2. SR; 

R3 is F, CI, Br, I, CN, NO2. COR, COOH, CONHR, CF3, SnRa. or 
R3 together vdth 'die benzene ting to ^wfaidi it is attached fonns a fiised 
ziag system represented by the structure: 



Z is NOi, CN, COR. COOH, or CONHR; 
Y is CF3.F, Br. a, I. CN, or SnRa; 
Q is SCN. NCS. OCN, or NCO; 
n is an integer of I>4; and 
m. is an integpr of 1-3. 
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2. A selective androgen receptor modulator (SARM) pompoimd represented by the 
structure of fonniila I: 




10 



15 



20 



X is a bond, O, Clfc, NH, S, Se, PR, NO or NR; 
GisOorS; 

T is OH. OR. -NHCOCH3, or NHCOR; 

R is aDcyl, haloalkyl, dihaloaDcyl, tiihaloalkyl. CHzF. CHF2, CF3, 
CFzCFa, aryl, jdienyl^ halogen, alkeayl or OH; 

Ri is CH3. CH2F, CHF2, CF3, CH2CH3, or CF2CF3; 
R2 is Ci, Br. I, CH3. CF3. OH, CN. NO2, NHCOCH3, 
ISIHCOCF3, NHCOR, alkyU arylalkyi, OR, NH2, NHR, NR^, SR; 

R3 is F, CL, Br, I, CN, NO2. COR, COOH, GONHR, CF3, SnRa, or 
R3 toge^r vriSi the benzene ring to which it is attached forms a fused 
ling system represented by the structure: 



2 is NO2. CN, COR, COOH, or CONHR; 
Y is CF3. F, Br, CI, I, CN, or S11R3; 
Q is SCN, NCS, OCN, or NCO; 
n is an integer of 1-4; and 
m is an integer of 1-3; 
or its analog, isomer, metabolite, derivative, phaxmaceutically acceptable 
salt, pharmaceutical product, N-oxide, hydmte or any combination thereof. 
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3. The compound according to claim 1, i^erein G is O. 

4. The cotBpoxind according to claim 1, Avfaeieixi Tis OR 

5. The compound according to claim 1, wherein Ri is CH3. 



10 
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20 



6. The compound according to claim I, wherein X is O. 

7. The conq)Ound according to claim 1, wherdn Z is NO2* 

8. The conipound according to daim 1, wherein Zis CN. 

9. Tlie compound according to daim 1, wfa^ein Y is CFj^ 

10. The confound according to clfium 1, wherein Q is NCS. 

IL The compound according to claim 1, wherein G is 0» T is OH, Rt is CHs, X is O, 
Z is NO2, Y is CF3, and Q is NCS, 

12. The conipound according to claim 1, wherein said compound is an androgm 
receptor antagonist 

13. The compound according to claim U herein said compounds binds irreversibly to 
an androgen receptor^ 

14. The compound according to claim I3 wherein said conq[}ound is an androgen 
receptor antagonist which binds irreversibly to an androgen receptor. 

15. A selective androgen receptor modulator (SARM) compound represented by die 
structure of formula 11: 



Gis OorS; 

Ri is CH3, CHiF^CHFi. CF3. CH2CH3. or CF2CF3; 
T is OH, OR, -NHCOCH3, or NHCOR; 

R is aUcyl, haloalfcyl, dihaloalkyl. trihaloalkyl, CH2F, CHF2, CF3, 
CF2CF3, aiyl, phenyl, halogen, alkenyl or OH; 
A is a ring selected from; 




wherein 



X is abond, O, CH2. NH, S. Se, PR, NO orNR; 
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X>^ Xf- X>' ^ 



B is a ring selected from: 

a ^« 



Qi' 

wherem A and B cannot sunultaneously be a benzeaie ling; 
5 ZisN02,C3sf,COOH,COR,NHCORorCONHR: 
Y is CF3, F, r, Br, CI, CN CR3 or SnRa; 
Qi is NCS, SCN, NCO or OCN; 

Q2 is a hydrogen, alfcyl, halogen, CF3, CN CR3, SnRa, NRa, NHCOCH3, 
NHCOCF3, NHCOR, NHCONHR, NHCOOR, OCQNHR, CONHR, 
10 NHCSCH3. NHCSCF3, NHCSR NHSO2CH3. NHSO2R. OR, COR, 

OCOR, OSO2R. SO2R, SR. 

HN ^HN „, 

Q3 and Q4 are independently of each other a hydrogen, aUsyl, 
halogen, CF3, CN CR3, SnRa, NRo, NHCOCH3. NHCOCF3, NHCOR, 
15 NHCONHR, NHCOOR, OCONHR, CONHR, NHCSCH3, NHCSCF3, 

NHCSR NHSO2CH3, NHSO2R, OR, COR, OCOR, OSO2R, SO2R or SR; 

Wi is O. NH, NR, NO or S; and 

W2 is Nor NO. 

20 16. A selective androgen rece|>tor modulator (SAR^f) compound represented by the 
structure of formula II: 
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Rk T 

n 

lAdierein X is a bond, O, CHj, NH, S, Se, PR, NO or MR; 
G is O or S; 

Ri is CH3» CHiF, CHF2, CF3, CH2CH3. or CF2CF3; 
T is OH, OR, -NHCX5CH3. or NHCOR; 

R is aOsyl, haloalkyl, dibaloalkyl, trihaloalkyl, CH2F. CHF2, CFs, 
CFjCFa, atyl, phenyl, halogen, alkenyl or OH; 
A is a ring selected fiom: 

X>' V' Xi' X>' 



B is a ring selected £x>m: 



p. > 

X> X> 'Ti- 

wlierein A and B cannot simul^eously be a benzene ring; 

Z is NQi, CN, COOH, COR, NHCOR or CONHR; 
15 YisCF3,F,I,Br, CljCNCRaorSnRa; 

Qj is NCS, SON, NCO or OCN; 

Q2 is a hydrogen, allcyl, halogen, CF3, CN CR3, SnRa, NR2. NHCOCH3, 
NHCOCF3, NHCOR, NHCONHR, NHCOOR, OCONHR, CONHR, 
NHCSCH3, NHCSCF3, NHCSR NHSO2CH3. NHSO2R, OR. COR. 
20 OCOR, OSO2R, SO2R, SR 
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Q3 and Q4 are indepeadently of each otber a hydrogen, alkyi, 
halogen, CFj^ CN CR3, SnRj, NR^. NHCOCH3, NHCOCF3, NHCOR, 
NHCONHR, NHCOOR, OCONHR, CONHR, NHCSCH3, NHCSCF3, 
NHCSR NHSOaCHa. NHSO2R, OR. COR, OCOR, OSO2R, SO2R or SR; 
5 WiisO,NH,NR,NOorS;and 

WiisNorNO. 

or its analog, isomer, metabolite, derivative^ phaimaceuticaliy acceptable 
salt, pharmaceutical pioductt N-oxide, hydrate or any combination thereof. 

10 i 7. The compound according to claim 1 5, wherein G is O. 

18- The compound according to claim 1 5, wherein T is OH* 

19. The compound according to claim 15, wherein Ri is CH3. 

20. The compound according to claim 1 5, wherein X is O. 

21 . The compound according to claim IS, wh^ein Z is NOi* 
15 22. The coropound accordmg to claim 1 5, wherein Z is CN. 

23 . The compoxmd according to claim 15, wherein Y is CF3. 

24. The compound accordmg to claim 15, wherein Qi is NCS< 

25. The compound according to claim 15, wherein G is O, T is OH, Ri is CH3, X i3 O, 
Z is NO2, Y is CF3, and Qi is NCS. 

20 26' The compoimd according to claim 15, wherein said compoimd is an androgen 
receptor antagomst. 

27. The compound according to claim 15, wheredn said compounds binds irreversibly 
to an androgen receptor. 

28. The compound according to claim 15, v^erein said compoimd is an androgen 
25 receptor antagonist which binds irreversibly to an androgen receptor* 

29- A selective androgen recq)tor modulator (SARM) compound represented by the 
structure of formula HI; 

Kf T 

30 in 
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wherem Xisabond.O,CH2,NH,S,Se.PR,NOorNR; 
G is O or S; 

T is OH, OR, -NHCOCH3. or NHCOR 

Z is NQ2, CN. COOH. COR. NHCOR or CONHR; 

Yis CF3. F, I, Br, CI. CN. CR3 or SnR,; 

Q is SCN. NCS, OCN, or NCO; 

R is alkyl. haloalkyl, dihaloalkyl, trihaloaUcyl, CH2F, CHF2, CF3, 
CFjCFj. aryl, phenyl, halogen, alkenyl or OH; and 

Ri is CHa, CH2F, CHFa, CF3, CH2CH3, or CF2CF3. 

30. A selective androgen receptor modulator (SARM) compound represented by tiie 
structure of formula HI: 



Rr 

IS -wherean Xisabond,0,CH2,NH,S,Se,PR.KOorNR; 

GisOOTS; 

T is OH, OR, -NHCOCH3, or NHCOR 
Z is NOz, CN, COOH, COR, NHCOR or CONHR; 
Y is CF3. F, I, Br, CI, CN, CR3 or SnRs; 
20 Q is SCN, NCS, OCN. or NCO; 

R is alkyl, haloalkyl, dihaloalkyl, trihaloalkyl, CH2F, CHF2. CF3, 
CF2CF3, aryl, phenyl, halogen, alkenyl or OH; and 

Ri is CH3, CHaF. CHF2, CF3. CH2CH3, or CF2CF3; 
or its analog, isomer, metabolite, derivative, pharmaceutically acceptable 
25 salt, pharmaceutical product, N-oxide, hydrate or any combination thereof. 

31. The compound according to claim 29, wherein G is O. 

32. The compound according to claim 29, wherein T is OH. 

33. The compound according to claim 29, wherein Ri is CH3. 
30 34. The confound according to claim 29, wherein X is O. 
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35. The compoxmd accordmg to claim 29^, wherein Z is NO2. 

36. The compound according to claim 29, wherein Z is CN, 

37. The compound according to claim 29, wherein Y is CF3. 

38. The compoimd according to claim 29, wherein Q is NCS, 

5 39- The compoimd according to claim 29, wherein G is O, T is OH, Ri is CH3, X is O, 
Z is NO2, Y is CF3, and Q isNCS. 
40. Hie compound according to claim 29, Mdierein said compound is an androgen 
receptor antagonist. 

4L The compound accordiixg to claim 29, i^erein said compounds binds irreversibly 
10 to an androgen lecqitor, 

42. The compound accordmg to clahn 29, vdierein said compound is an androgen 
receptor antagonist which binds irreversibly to an androgen recepte>r. 

43 . The compound according to claim 29, represented by the structure of formula V: 

H3C OH 

H L.l 

NCS 

15 V 

44. A composition comprising tiie selective androgen receptor modulator compound of 
claim 1, IS, 29 or 43 and/or its analog, derivative^ isomer, metabolite, 
phaimaceixtically acceptable salt, pfaaimaceutLcal product hydrate or N-oxide or 
any combination thereof and a suitable canieif or diluent 

20 45. A idiarmaceutical composition comprising an effective amount of the selective 
androgen receptor modulator compound of claim 1, 15, 29 or 43 and/or its analog, 
derivative, isomer, metabolite, phamiaceuticaUy acceptable sal^ pharmaceutical 
product, hydrate or N-oxide or any combination thereof and a pharmaceutically 
acceptable carrier, diluent or salt. 

25 46. A method of binding a selective androgen receptor modulator compound to an 
androgen receptor, comprising the st^ of contacting Ihe androgen receptor wilfa 
the selective androgen receptor modulator conxpound of claim 1, 15, 29 or 43 
and/or its analog, derivative, isomer^ metabolite, pharmaceutically acceptable salt, 
pharmaceutical product, hydrate or K-oxide or any combination thereof, in an 
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amount effective to bind the selective androgen receptor modulator compound to 
the androgen receptor. 
47. A method of irreversibly binding a selective androgen receptor modulator 
compound to an androgen receptor, comprising the step of contacting the androgen 
5 receptor with the selective androgen receptor modulator compound of claim 1, 15, 

29 or 43 and/or its analog, derivative, isomer^ metabolite, phanoiaceutically 
acceptable salt, pliarmaceutical product, hydrate or N-oxide or any combination 
thereof^ in an amount effective to irreversibly bind the selective andiogen receptor 
modulator conq^ound to the androgen receptor. 

10 4S. A melfaod of alkylating an androgen receptor, comprising the step of contacting the 
androgen receptor witfa the selective androgen receptor modulator compound of 
claim 1, 15, 29 or 43 and/or its analog, derivative, isomer, metabolite, 
pharmaceuttcally acceptable salt, pharmaceutical product, hydrate or N-oxide or 
any combination thereof, in an amount effective to alkylate tJie androgen receptor, 

15 49. A method of suppressing spemiatogenesis in a subject comprising contacting an 
androgm receptor of the subject vritti the selective androgen receptor modulator 
compound of claim 1, 15, 29 or 43 and/or its analogs derivative, isomer, 
metabolite, pharmaceutically acceptable salt, pharmaceutical product, hydrate or 
N-oxxde or any combination thereof, in an amount effective to suppress sperm 

20 production* 

50. A method of contraception in a male subject, comprising the step of administering 
to said subject the selective androg^ receptor modulator compound of claim 1, 
IS, 29 or 43 and/or its analog, derivative, isomer, metabolite, pharmaceutically 
acceptable salt, pharmaceutical product, hydrate or N-oxide or any combination 

25 thereof, in an amount effective to suppress sperm production in said subject, 

thereby effecting contraception in said subject* 
5L A method of hormone therapy comprising Ihe step of contacting an androgen 
receptor of a subject with tiie selective androg^ receptor modulator compound of 
claim 1, 15, 29 or 43 and/or its analog, derivative, isomer, metabolite, 

30 pharmaceutically acceptable salt, pharmaceutical product, hydrate or N-oxide or 

any combination thereof, in an amount effective to efiect a change in an androgen* 
dependent condition. 
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52. A method of hoixnoBe replacement therapy comprising Ifae step of contacting an 
androg^ receptor of a subject wiA selective androgen receptor modulator 
compound of claim 1, 15, 29 or 43 and/or its analog, derivative, isomer, 
metabolite, pharmaceuticaUy acceptable salt, pharmaceutical product, hydrate or 

5 N-oxide or any combination thereof in an amount efiEective to effect a change in 

an androgen-dependent condition* 

53. A method of preventing prostate cancer in a subject, compiising the step of 
admimstering to said subject the selective androgen receptor modulator compound 
of claim 1^ 15, 29 or 43 and/or its analog, derivative, isomer, metabolite, 

10 pharmaceuticaUy acceptable salt, pbamiaceutical product, hydrate or N-oxide or 

any combination thereoi^ in an amount effective to prevent prostate cancer in said 
subject. 

54. A method of treating a subject having a hormone related condition, comprising the 
step of administering to said subject the selective androgen receptor modulator 

15 compound of claim 1, 15, 29 or 43 and/or its analog, derivative, isomer, 

metabohte, phaxmaceutically acceptable salt, pbamiaceutical product, hydrate of 
N^xide or any combination Iberepf, in an amount e£fective to efifect a change in 
an androg^-dependent conditLon. 

55. A method of treating a subject suffering from prostate cancer, comprising the step 
20 of administering to said subject the selective androgai receptor modulator 

compound of claim 1> 15, 29 or 43 and/or its analog, derivative, isomer, 
metabolite, pharmaceutically acceptable sal^ pharmaceutical product, hydrate or 
N-oxide or any combination thereof, in an amount e&ctive to treat prostate canc^ 
in said subject. 

25 56. A method of delaying the progression of prostate cancer in. a subject sufiering 
from prostate cancer, comprising the step of administering to said subject the 
selective androgen receptor modulator compoxmd of claim 1, IS, 29 or 43 and/or 
its analog, derivative, isomer, metabolite, pharmaceutically acceptable salt, 
pharmaceutical product, hydrate or N-oxide or any combination thereof, in an 

30 amount effective to delay the progression of prostate cancer in said subject. 

57. A method of preventing die recunence of prostate cancer in a subject suffering 
from prostate cancer, comprising the stGp of administering to said subject the 
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selective androgen receptor modulator compound of claim 1, IS, 29 or 43 and/or 
its analog, derivative^ isomer, metabolite, pharmaceutically acceptable salt, 
phazmaceutical product, hydrate or N-oxide or any combination thereof, in an 
amount effective to prevent the recmrence of prostate cancer in said subject 
5 58. A method oftreating the recwenceofprostatecaxicv in a subject suffer^ 

prostate cance^^ compiisiDg Ihe step of administering to said sutgect the selective 
androgen receptor modulator compoimd of claim 1 , 15, 29 or 43 and/or its analogy 
derivative, isomer, metabolite, phamiaceutically accqitable salt, pharmaceutical 
product, hydrate or N-oxide or any combination thereof in an amount efifecttve to 
10 treat the recurrence of prostate cancer in said subj eot 

59. A method of treating a dry eye condition in a subject sufiTeiing from dry eyes, 
cQEdprising the st^ of administering to said subject the selective androgen 
receptor modulator compound of claim 1, 15, 29 or 43 06 and/or its analog, 
derivative, isomer, metabolite, jdummceutically acceptable sal^ pharmaceutical 

15 product^ hydrate or N-oxide or any combination Asxeot, in an amount effective to 

treat dry eyes in the subject. 

60. A method of preventing a dry eye condition in a subject^ comprbing the step of 
administering to said subject tiie selective androgen receptor modulator compoimd 
of claim 1, 15, 29 or 43 and/or its analog, derivative, isomer, metabolite, 

20 pharmaceutically acceptable salt, pharmaceutical product^ hydrate or N-oxide or 

any combination thereof, in an amount effective to prevent dry eyes in the subject 

61. A method of inducing apoptosis in a prostate cancer cell, comprising the step of 
contacting said cell with the selective androgen receptor modulator compound of 
claim 1, 15, 29 or 43 and/or its analog, derivative, isomer, metabolite, 

25 pharmaceuticaUy acceptable salt, pharmaceutical product, hydrate or N-oxide or 

any combination thereof, in an amount effective to induce apoptosis in said cancer 
ceU. 

62. A process for preparing a selective androgen receptor modulator (SARM) 
30 compound represented by the structure of fomiula I: 
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10 



15 



whereinX is a 0»NH, S. Se, PR, or MR; 
GisOorS; 

T is OH. OR. -NHCOCHj, arNHCOR; 

R is alkyl, haloalkyl, dihaloalkyl. trihaloalkyl, CH^F, CHF^, CF3, 
CF2CF3, aryU phenyl, halogen, alkenyl or OH; 

Ri is CH3, CH2F, CHF2, CF3> CHzCIfe, or CF2CF3; 
R2 is F. CI, Br. I, CH3, caF3, OH. CN, NO2, NHCOCH3, 
NHCOCF3. NHCOR. alkyl, arylalkyl, 0R» NH2, NHR, NR2. SR; 

R3 is F, CI, Br, I, CN. NO2, COR, COOH. CONHR. CF3, SnRa, or 
R3 together with Ifae b^oizene ring to iKduch it is attached forms a fi^ed 
rir^ system repres^ted by the structure: 



Z is NO2. CN, COR, COOH, or CONHR; 
Y is CF3,F, Br, CI, I, CN, or S11R3; 
Q is SCN, NCS, OCN, or NCO; 
n is an integer of 1-4; and 
m is an integer of 1-3 ; 



said process comprising the step of coupling a compound of formula VHI: 



vm 

wherein Z, Y, G. Ri, T, R3 and m are as defined above and L is a leaving group. 
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with a compound of formula DC: 




DC 

5 whereiii X a&d n are as defined above. 

63. The process according to claim 62^ i^^rein G is 0» Tis OH, Ri is CH3, X is O, Z 
is NO2, Y is C:F3. and Q is NCS- 
10 64. The process according to claim 62, wh^ein Ifae comi)ound of formula Vm is 
prepared by 

a) preparing a conipovnd of formula X by rmg opening of a cyclic 
compound of formula XI 




15 XI X 

wherein L, Ri, G and T are as defined above, and Ti is O or NH; and 
b) reacting an amine of formula XII: 




20 wherein Z, Y, R3 and m are as defined above, with the compound of formula X, in 

the presence of a coupling reagent, to produce the compound of formula VBI. 




vin 
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65. The process according to claim 62, further comprising the step of purifying said 
compound of formula I using a mixture of ethanol and water. 

66, Hie process according to claim 62, further comprising the step of converting said 
5 selective androgen receptor modulator (SABM) compound to its analogs isomer, 

metabolite, derivative^ phamiaceuticaUy acceptable salt, phaxxnaceiMcal product; 
N-oxide^ hydrate or any combination &mof* 

67* A process for preparing a selective andiogra receptor modulator (SARM) 
10 c0mipoundrq)resentedby the structure of formula H: 

n 

vt^serdn XisO,NH, S, Se, PR, orNIt; 
GisOorS; 

15 RiisCH3,CBEiF,CHF2,CF3,CIfcCi53,orCF2CF3: 

T is OH, OR, -ICHCOCH3. OT NHCOR; 

R is eSkyU haloalkyl, dihaloalkyl, tdhaloalksd, CH2F, CtIF2, CF3, 
CF2CF3, aryl, phenyl, balogeo, alkeayl or OH; 
A is a ring selected fiom: 

■p' ^' "0- 



20 




B is a ring selected from: 
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wherein A and B csDnot simtiltaneously be a benzene ring; 



10 



Z is NO2, CN, COOH, COR, NHCOR or CONHR; 
Y is CF3, F. I, Br, CI, CN CR3 or S11R3; 
Qi is NCS, SCN. NCO or OCN; 

Q2 is a hydrogen, alkyl, halogen, CF3, CN CR3, SnRa, NR2, NHCOCH3, 
NHCOCF3, NHCOR, NHCONHR, NHCOOR, OCONHR. CONHF, 
NHCSCHj, NHCSCF3. NHCSR ISIHSO2CH3, NHSO2R, OR, COR, 
OCOR, OSO2R, SO2R, SR, 



Q3 and Q4 are independently of each other a hydrogen, alkyl. 



halogen, CF3, CN CRa, SnRs, NR2. NHCOCH3, NHCOCF3, NHCOR, 
NHCONHR, NHCOOR, OCONHR, CONHR, NHCSCH3, NHCSCF3, 
NHCSR NHS02CH3, NHSO2R, OR. COR, OCOR, OSO2R, SO2R or SR; 

Wi is O, NH. NR. NO or S; and 

W2 is Nor NO; 

said process comprisii^ the step of coupling a compound of formula Xni: 



v^erein A, O, Ri and T are as defined above and L is a leaving group, 
vdfh a compound of formula HX>B wherein B and X are as defined above. 

. The process according to claim 67, wherein G is O, T is OH, Ri is CH3, X is O, Z 





xm 



is NO2, Y is CF3, and Q, is NCS. 
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69. The process according to claim 67» wherein the amide of fbmiula Xm is prepared 
by 

a) preparing a compoimd formula X by ring opening of a cyclic compound 
offoixmilaXI 

G 



XI X 
wherein L, Rx, G and T are as defined above^ and Ti is O or NH; and 
b) reactiiig an amine of foxmnla ArNH^ wherein A is as defined a1)ove^ with 
the compound of formula X in the presence of a coupling reag^t, to produce 
10 the amide of fommlaXnL 



xm 



15 70. The process according to claim 67» fbrther ccHnprisiag die step of pmifying said 
compound of formula H usiog a mixture of etbanol and water 
7L The process according to claim 67, further comprising the step of converting said 
selective androgen receptor modulator (SARM) compound to its analog, isomer, 
me^bolite^ derivative^ phmnaceutically acc^table salt, phaimaceutical product, 

20 N-oxide, hydrate or any combination thereof. 



72. A process for preparing a selective androgen receptor modulator (SARM) 
compound represented by the structure of formula ID: 

25 
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vi^»rein XisO.NH, S, Se,PRorNR; 
GisOoiS; 

T is OH, OR, -NHCOCH3, or NHCOR 

Z is NO2, CN, COOH. COR, NHCOR or CONHR; 

Y is CF3, F, I, Br, CI, CN, CRj or S11R3; 

Q is SCN, NCS. OCN. or NCO; 

R is a]k)4, haloalkyl, dihaloalkyl, trihaloalkyl, CH2F, CHF2, CF3, 
CF2CF3, aiyl, phenyl, halogen, alkenyl or OH; and 

Ri is CH3, CH2F, CHFz, CF3, CHiCHa, or CF2CF3; 



IS 



said process coinpiising the step of coupling a compound of fimauta XTV: 

Z _ 

G 




v^dierein Z, Y, G Ri aadT are as defined above and Lis aleaving group. 



20 



with a compound of finmula XV: 

XV 

wherein Q and X are as defined above. 



73. The process according to claim 72, v^ereia G is O, T is OH, Ri is CH3, X is O, Z 
25 isNOiz. YisCF3.andQisNCS. 
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74* The process according to claim 72, A?y^ereiB the compound of fonmila XTV is 
prepared by 

a) preparing a compound fonmtla X by ring opening of a cyclic compound 
of formula XI 



herein L, Ri, and T areas defined above, G is O andTi is O orNH; and 
b) reacting an amine of formula XVI 



XVI 

^mih Hie compoimd of formula X in tlte presence of a coupling reagexit, to produce the 
conqraund of &miula XTV. 



75. The process according to claim 72, further comprising the step of puii^dng said 
compound of formula DI using a mixture of ethanol and water 

76. The process according to claim 72, &rttm conqnising ihc step of converting said 
selective androgen receptor modulator (SARM) compound to its analog, isomer, 
metaboUte, derivative, pharmaceutically acceptable salt, pharmaceutical product, 
N-oxide, hydrate or any combination thereof. 






95 



BNSDOCIO: <WO. 



^03074*73A2J_> 



wo 03/07447J PCT/US03/03121 



77. The process according to claim 72, wfaereiR said SASM is represented by the 
stnicture of foimida V: 



HjC OH 
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